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4 ELOPIFORM FISHES

SYNOPSIS

The skeletons of the Recent elopiform fishes (Elops, Tarpon, Megalops, Pterotlirissus, Albula)

are described, and all fossil genera thought to be correctly placed in the Elopiformes are reviewed
and compared with the living forms. From the descriptions it is concluded that the classification

of the Elopiformes given by Greenwood et al. (1966) reflects the phylogeny of this group. A
new family, the Osmeroididae, based on the Cretaceous genus Osmeroides, is included in the

suborder Albuloidei as the basal family of that suborder. The Osmeroididae provide a link

between the Elopoidei and the more specialized Albuloidei. Primitive and advanced features

of the Elopiformes are discussed together with individual discussions of the contained suborders.

Three new fossil genera are established : Davichthys, Protarpon and Lebonichthys. The relation-

ship of the Elopiformes with other basal teleost groups is considered and it is concluded that

although no relationship exists with the Clupeomorpha and Osteoglossomorpha within the

Teleostei, the possibility of a relationship with the Euteleostei cannot be ruled out.

I. INTRODUCTION

This work is a taxonomic revision of the order Elopiformes Greenwood et al. (1966).

The Elopiformes are a group of primitive teleosts related to the highly specialized

Anguilliformes and Notacanthiformes by virtue of the fact that members of all

three orders show a leptocephalus larval stage in their life history. The elopiforms

are represented in the Recent fauna by a handful of genera ; Elops, Megalops,

Tarpon, Albula, Dixonina and Pterothrissus. There are more fossil genera, found

from the Upper Jurassic onwards. Woodward (1901) lists eighteen genera while

Romer (1966) includes some forty-six in the Elopiformes. Although many of these

fossil forms do not appear to be members of the Elopiformes, it remains true that the

order is largely constituted by extinct genera.

Most fossil elopiforms are known from Upper Cretaceous deposits and were

originally described in several faunal works. The more important of these works

are those of Agassiz (1833- 1844) in which forms from several localities were dealt

with ; Dixon (1850) described the English Chalk species ; Pictet (1850), Pictet &
Humbert (1866), Davis (1887) and Hay (1903) described those from the Lebanon.

Marck (1858, 1863) noted forms from the Westphalian Chalk and Cope (1872),

Loomis (1900) and Stewart (1898) were concerned with those from the Kansas

Chalk. This earlier work was synthesized by Woodward (1901) who went on to

deal extensively (1907, 1908) with the English Chalk fauna. In more recent years

d'Erasmo (1946) has published on the Upper Cretaceous fauna from Comen, Yugo-
slavia, Arambourg (1954) has described elopiforms from the Cretaceous of Morocco

and a revision of the Westphalian fauna has been undertaken by Siegfried (1954).

Important work on the anatomy and taxonomy of certain fossil genera has been

published by Nybelin (1967b) and Gaudant (1968) for Anaethalion, and by Goody
(1969a) for Sedenhorstia. Recent elopiforms have received attention in faunal

works by Barnard (1925), Fowler (1936), Okada (i960) and Hildebrand (1963).

Finally, important contributions to the anatomical features of the Recent forms

have been made by Ridewood (1904), Hollister (1936, 1939), Nybelin (1956, 1967a,

1971) and Greenwood (1970a). Apart from these specific references the genera Elops

and Megalops have often been referred to in papers concerned with phylogeny

and comparative anatomy.
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The starting point of the work was taken from Woodward (1901), who recognized

the two families Elopidae and Albulidae. Woodward (1901) used a key to divide

the Elopidae into two assemblages, later termed the ' elopine ' and ' spaniodontine
'

groups by Dunkle (1940). This basic division of the elopids was based on the

condition of the parietals, medially united in the ' elopines ' and separated by the

supraoccipital in the ' spaniodontines '. During the course of this revision it became
apparent that many of the ' spaniodontine ' genera together with two from the
' elopine ' group represent an assemblage distinct from the Elopiformes. These

genera (Notelops, Rhacolepis, Pachyrhizodus, Thrissopater, Esocelops and possibly

Spaniodon and Thrissopteroides) differ from elopiform fishes in many important

details of the snout, the otic region of the neurocranium, the jaws, the infraorbital

series, the vertebral column and caudal skeleton, which show that these genera are

more correctly placed with the euteleostean fishes. They will be dealt with in a

later publication.

Of the genera included by Woodward in the family Albulidae only Albula and
Istieus are retained here. Chanoides, Chanos, Prochanos and probably Ancylostylos

are all interrelated and their affinities lie with the Gonorynchiformes. Ananogmius
White & Moy-Thomas (now. subst. for Anogmius Cope, 1877) shows many cranial

and caudal features indicating that it is a member of the osteoglossomorph family

Plethodontidae (for features of the plethodonts see Bardack 1965 and Patterson

1967c).

It has been impossible to examine at first hand all genera which have at one time

or another been referred to the Elopiformes. Where relevant, comments are in-

cluded on these unexamined forms, but the many records of isolated otoliths and
scales have been omitted because of their debatable value in a work of this nature.

Greenwood et al. (1966), writing from a neontological point of view, proposed a

classification for the Elopiformes which is substantiated here. The Elopiformes

are separable into two rather different suborders, the Elopoidei Jordan (1923) and
the Albuloidei Greenwood et al. (1966). Following a general discussion of the order,

the suborders are given separate consideration.

II. MATERIALS AND METHODS

Nearly all material used in the preparation of this work is in the British Museum
(Natural History) and those specimens are referred to by the prefix B.M.N.H. A few

specimens were borrowed from the Royal Scottish Museum, Edinburgh, and are

prefixed by R.S.M. The prefix M.H.N. P. denotes specimens in the Museum
National d'Histoire Naturelle, Paris.

My thanks are due to Professor T. Abe of Tokyo University for the donation of

three specimens of Pterothrissus gissu, one specimen of Elops hawaiensis and one of

Megalops cyprinoides.

Techniques used in the preparation of fossil and Recent material were those used

by Goody (1969b). The clearing of specimens prior to staining with ' alizarin S '

was done using the enzyme-clearing technique described by Taylor (1967).
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The standard length (S.L.) of the specimens is taken from the tip of the snout to

the anterior margin of the first ural centrum, unless otherwise stated. The frequent

displacement of the hypurals in fossil material prevented the use of the more usual

limits of this co-ordinate. The length of the head is interpreted as the distance

between the tip of the snout and the posterior margin of the operculum. Linear

dimensions are expressed in millimetres. Vertebral counts given are exclusive of

ural centra and centra incorporated as a functional part of the neurocranium.

Lastly, the first caudal vertebra is taken to be that centrum which bears a complete

haemal arch and spine.

III. SYSTEMATIC DESCRIPTIONS

Cohort TAENIOPAEDIA Greenwood et al. (1967)

Superorder ELOPOMORPHA Greenwood et al. (1966)

Order ELOPIFORMES Greenwood et al. (1966)

Diagnosis. Elopomorph fishes of fusiform shape ; body rounded or compressed,

never excessively deepened or elongated. Dorsal and anal fins emarginate, always

distinct from the forked caudal fin. Pectoral fins held horizontally, low down on

the body
;

pelvic fins abdominal. Epaxial trunk musculature never extending

onto the cranial roof. Dermethmoid large, overlying a cartilaginous ethmoid.

Parietals meeting in the mid-line. Post-temporal fossa with a roof ; subtemporal

fossa deep
;

pars jugularis long
;

jugular vein, hyomandibular branch of VII and
orbital artery with separate openings on the lateral face of the prootic. Orbito-

sphenoid and basisphenoid well developed. Anterior myodome absent. Para-

sphenoid extending to, or near the posterior limit of the neurocranium, with teeth

beneath the orbit ; basipterygoid process absent. Otophysic connection, if

developed, never with an intimate connection with the ear. Palatine formed by
distinct autopalatine (when ossified) and dermopalatine. Circumorbital series with

supraorbital, antorbital and six infraorbitals. Rostral ossicles developed. Func-

tional part of the upper jaw formed by the premaxilla and maxilla ; supramaxillae

present but not capable of independent movement. Mandible with a fossa on the

inner surface receiving the Aw division of the adductor mandibulae ; retroarticular

absent. Gill arches with separately ossified dermal tooth plates and endochondral

supports. First suprapharyngobranchial ossified, second suprapharyngobranchial, if

present, cartilaginous. Urohyal shallow. Opercular series complete. Pectoral

girdle attached to the neurocranium ; mesocoracoid arch, two or three postcleithra

and a pectoral splint present. Pelvic splint present. Vertebral column with auto-

genous neural arches, haemal arches and parapophyses. Epineural and epipleural

intermuscular bones present. Supraneurals forming a complete series between the

occiput and the dorsal fin. Caudal skeleton with two free ural centra, the first sup-

porting two autogenous hypurals, the second supporting four or five upper hypurals.

Uroneurals free from centra. Nineteen principal caudal fin-rays, 17 of which are

branched. Scales cycloid, overlapping and marked anteriorly by prominent radii
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producing a scalloped margin. Bone cells present within the anterior and lateral

fields of the scales. Enlarged axillary scales present.

Suborder ELOPOIDEI Jordan, 1923

Diagnosis. Elopiform fishes in which the cranium is never broad. Sensory

canals of the head largely enclosed by bone ; supraorbital sensory canal running

through parietal ; ethmoid commissure complete, running through dermethmoid.

Post-temporal fossae large, directed anteriorly ; sub-epiotic fossae absent. Inter-

calar large, extending anteriorly to contact the prootic, forming a prootic-intercalar

bridge. First vertebral centrum articulating with facets upon the exoccipitals and
basioccipital and forming a functional part of the neurocranium. Lateral ethmoid

not in contact with the parasphenoid
;

parasphenoid narrow. Hyomandibular-

metapterygoid cup developed. Premaxilla small, never associated with a sensory

canal. Two supramaxillae. Articular (angular) and endosteal articular (articular)

separate ossifications. Dentition of small villiform teeth on the dermal jaws,

vomer, parasphenoid, dermopalatine, endopterygoid, ectopterygoidandbasibranchial

and basihyal dermal plates. Gular plate large, always horizontal. Gill-rakers

prominent upon the first three gill arches. Supratemporal large, meeting its partner

in the dorsal mid-line. Caudal fin with seven hypurals ; the bases of the inner fin-

rays expanded. Scales with concentric circuli in the anterior and lateral fields.

Family ELOPIDAE Bonaparte, 1846

Diagnosis (emended). Elopoid fishes in which the body is rounded. Cranium
shallow with the mouth terminal. Neurocranium in which the roof is flat ; the parie-

tals retain evidence of middle pit-lines ; the autosphenotic spine and the epiotic

process are weakly developed ; the post-temporal fossae extend forward to the level

of the autosphenotics and remain separate from one another ; the dilatator fossa is

roofed. Otophysic connection absent. Two rostral ossicles present (only known
in Elops) . Ouadrate/mandibular articulation at or behind the level of the posterior

orbital margin. Maxilla shallow, extending posteriorly beyond the level of the eye.

Mandible shallow with a weakly developed coronoid process situated posteriorly.

Pseudobranchiae present in Recent genus. Dorsal and anal fins short based. Pelvic

fins originating beneath or behind the dorsal fin. First anal pterygiophore short.

Urodermal present. Scales with at least six anterior radii, otherwise marked only

by fine circuli. Lateral line tubes unbranched.

Genus ELOPS Linnaeus, 1766

Diagnosis (emended). Elopid fish in which the cranial bones are devoid of

ornamentation. Dermethmoid without ventro-lateral projections. Circumorbital

series with a large first infraorbital which meets the supraorbital and so excludes the

antorbital from the orbital margin ; infraorbital canal without bone-enclosed
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branches. Union of infraorbital, antorbital and ethmoid commissure sensory canals

lying within skin. Supramaxillae narrow, posterior member without strengthening

ridge. Quadrate with anterior and posterior margins of equal length. Ceratohyal

imperforate. Preoperculum with a slight posterior expansion, the contained sensory

canal running at the anterior margin of the bone and opening to the surface by
numerous pores. Vertebral count high, averaging 75. Caudal fin without fringing

fulcra.

Type-species. Elops saurus Linnaeus, 1766.

Remarks. Although many references have been made to Elops in discussions

of teleostean phylogeny, no complete osteological description exists. The direct

relevance of such a study to a work of this nature justifies the inclusion of a descrip-

tion here. Elops hawaiensis Regan has been chosen as the species to be described

since the size range of available individuals allows an evaluation of ontogenetic

changes.

Regan (1909) recognized seven species of Elops ; E. saurus Linnaeus from the

east coast of Middle America and E. affinis Regan from the west coast, E. sene-

galensis Regan and E. lacerta Cuvier & Valenciennes from the west coast of Africa,

E. machnata Forskal, E. hawaiensis Regan and E. australis Regan from the Indo-

Pacific. The differences between these species are primarily differences in gill-raker,

vertebral and scale counts. Whitehead (1962) did not consider E. australis a valid

species and placed it in synonymy with E. hawaiensis. E. machnata is also very

much like E. hawaiensis, differing only in vertebral counts (63-64 in the former

against 66-69 in the latter) and by the fact that when the mouth is closed the pre-

maxillary tooth band is exposed in E. hawaiensis but is covered by the lower jaw
in E. machnata (Regan 1909 ; Whitehead 1962). Both of these differences appear

to be trivial. The former is particularly unsatisfactory while specimens of both Indo-

Pacific species show variable conditions of the ' exposed ' or ' covered ' state. It is

likely that only one Indo-Pacific morphospecies exists.

The differences between E. hawaiensis and the type-species are slight and have

been illustrated by Whitehead (1962). Certain portions of the osteology of Elops

have been satisfactorily described in recent literature and where this has been done

the relevant references are cited without further comment.

Elops hawaiensis Regan, 1909

(Text-figs. 1-11)

1909 Elops hawaiensis Regan : 37.

Diagnosis. See Regan [op. cit.).

Habitat. Coastal waters of the Indo-Pacific.

Description. Neurocranium. The neurocranium is three times as long as

deep. The maximum width of the cranium occurs at the occiput and is equal to

one and a half times the depth of the neurocranium. The cranial cavity occupies

about one-third of the total neurocranial length.
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Much of the cranial roof is formed by the paired frontals. Each frontal is narrow
anteriorly but widens at the level of the lateral ethmoid and again above the auto-

sphenotic spine. Above the orbit the lateral margins of the frontals are parallel,

a resemblance to leptolepids rather than pholidophorids. Posteriorly each frontal

ends squarely, with a slight overlap above the parietal and pterotic of its side. The
mutual interfrontal suture is straight in young individuals, where there may be a

divergence of the bones anteriorly exposing the ethmoid cartilage. In the adult,

however, the frontals meet one another throughout their length and the suture line

becomes wavy posteriorly. Ornamentation upon the frontal is confined to the ridges

associated with the sensory canals and is described below.

The anterior end of the cranial roof is formed by the median dermethmoid (rostral

of Gardiner 1963 and Nybelin 1956, 1967a). The dermethmoid is long, unlike that

bone in pholidophorids and Liassic leptolepids, and overlaps the frontals, a fact

which reinforces its interpretation as a dermal element. The ethmoid commissure

runs transversely across the dermethmoid at the level of the maximum width of the

latter element. The commissure, which is relatively large in young individuals,

is contained within a bony tube perforated dorsally by two pores. In young in-

dividuals this bony tube appears to be an ossification distinct from the underlying

dermethmoid but in older individuals it appears as an integral part of that bone.

The nasals, although not strictly part of the neurocranium, may be considered

here as they are closely associated with the roofing bones. Each nasal is tube-like,

barely larger than the sensory canal that it carries. The nasal is pierced dorsally by
four large pores. Gosline (1965) reported the presence of a small prenasal ossicle

in Elops saurus, which according to Nybelin (1967a) may become incorporated in

the lateral rostral ossicle. I have found no such prenasal in E. hawaiensis. How-
ever, the possibility of there being a prenasal ossicle in some species of Elops is

interesting since it may be indicative of a trend among elopiform teleosts, that is, a

general tendency toward fragmentation of the dermal bones of the snout.

The parietal is rectangular and meets its partner in the mid-line except posteriorly

where the supraoccipital intervenes for a very short distance. There are recognizable

differences in the dimensions of the exposed part of the parietal between young and
old individuals. In the young the length of each parietal exceeds its width whereas

in the adult the converse is true. The change in shape is due to two factors :

differential growth of the parietal in which lateral growth proceeds at a greater

rate than longitudinal growth, and secondly the frontals overlap the parietals

to a greater extent in older fish. Ornamentation upon the parietals, like that of

other cranial bones, is restricted to ridges associated with the sensory canals.

The postero-lateral region of the neurocranial roof is formed by the dermal portion

of the pterotic. The dermal portion of the pterotic forms much of the roof of the

post-temporal fossa. The lateral and posterior faces of the pterotic are formed by
the thicker but less dense endochondral bone. As is usual among teleosts there is

no clear demarcation between the dermal and endochondral portions of the pterotic

(Gosline 1969 reports the presence of separate autopterotic and dermopterotic in

Alepocephalus) . The lateral face of the pterotic forms the posterior region of the

dilatator fossa, much of the hyomandibular facet and the roof of the deep
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Fig. i. Elops hawaiensis Regan. Neurocranium in dorsal view
;

this and

Text-figs. 2-5 are based on a specimen of 208 mm S.L.



epo. pr

FOSSIL AND RECENT

soc

ptf

ex

ptc

5mm
Fig. 2. Elops hawaiensis Regan. Neurocranium in posterior view.

subtemporal fossa. A swelling forming an arc above the subtemporal fossa and
beneath the hyomandibular facet indicates the path taken by the horizontal semicircu-

lar canal through the pterotic. Anteriorly and posteriorly the semicircular canal

descends through the prootic and exoccipital respectively before entering the cranial

cavity. Medially the pterotic forms the lateral wall of the post-temporal fossa.

The posterior face of the pterotic contacts the epiotic above and the exoccipital

below the opening of the post-temporal fossa. The union of the pterotic and
exoccipital may only be seen in posterior view if the cap-like intercalar is removed.

The epiotic is seen in dorsal and posterior views of the neurocranium. From the

former aspect it is represented by a knob-like process, protruding posteriorly from

beneath the parietal and pterotic. In posterior view the epiotic forms part of the

dorsal and medial margin of the opening leading to the post-temporal fossa.

Between the epiotics lies the supraoccipital which, in posterior view, is pentagonal.

The flat surface of the supraoccipital is interrupted only by a weakly defined vertical

crest which becomes more prominent dorsally. In dorsal view the supraoccipital

is seen as a small triangle, the apex of which lies between the posterior ends of the

parietals. Beneath the roof the supraoccipital extends forward as a median and

two antero-lateral projections. The latter reach forward to meet the frontal of either

side and in so doing form the median walls of the post-temporal fossae. The supra-

occipital is pierced by canals which carry the posterior vertical semicircular canal of

either side. Laterally, this semicircular canal descends through the epiotic where its

passage is visible externally as a ridge along the medial margin of the post-temporal

fossa opening. Ventrally, the posterior vertical semicircular canal runs through the
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exoccipital before opening to the endocranial cavity immediately above the vagus

foramen. Ridewood (1904 : 39) noted that in Elops saurus the internal limit of

the deep subtemporal fossa is formed by the supraoccipital. The supraoccipital of

E. hawaiensis is not as extensive as that in the type-species and does not play any
part in the subtemporal fossa.

The exoccipital exhibits both a lateral and posterior face. The latter face contacts

the epiotic and supraoccipital above, the basioccipital below, and with its fellow of

the opposite side surrounds the foramen magnum. In young individuals the margin

of the foramen magnum is often incomplete ventrally. In its dorsal extent the

lateral face of the exoccipital is turned sharply inwards to form the posterior wall of

the subtemporal fossa, while ventrally the exoccipital is inflated and together with

the prootic and basioccipital forms the outer wall of the saccular recess. The
saccular recess and the contained otolith are relatively larger in younger individuals.

Three, occasionally four, foramina pierce the lateral face of the exoccipital. Post-

eriorly there is a large vagus foramen directed ventro-laterally and slightly

posteriorly. Anteriorly, close to the exoccipital-prootic suture, there is an antero-

ventrally directed glossopharyngeal foramen. The third constantly occurring

foramen is situated immediately in front of the vagal foramen and marks the point

at which a small branch of the glossopharyngeal nerve left the cranial cavity. This

accessory glossopharyngeal foramen is, in some specimens, preceded by another

very small foramen whose function could not be determined ; it may have carried

a small blood vessel.

The intercalar ossifies very early in the development of the neurocranium. The
main body of the intercalar forms a cap over the triradiate union of exoccipital,

epiotic and pterotic. The ventral limb of the post-temporal is attached to this

main body. In lateral view the intercalar is produced ventrally and anteriorly.

The ventral extension partially surrounds the vagus foramen while the well-developed

anterior extension reaches forward to interdigitate with a posterior outgrowth of the

prootic. Together the prootic and intercalar form a bridge which stands clear of

the neurocranial wall, leaving a small foramen which may be seen in ventral view

(cf. Leptolepis dubia figured by Patterson 1967a : fig. 5). A small branch of the

glossopharyngeal nerve passes up through this foramen but it is doubtful if this is

the primary function of the foramen since it is inordinately large for the nerve which

passes through.

The basioccipital is ' W '-shaped in cross section, the lateral wings of the ' W '

enclosing the saccular recess of either side while the space beneath the central arms

represents the posterior myodome. The posterior portion of the basioccipital meets

the paired exoccipitals above in a triradiate suture, and this posterior face articulates

with a thin vertebral centrum. This first centrum is firmly united with the cranium,

so much so that in older individuals it is difficult to recognize as a discrete entity.

Ventrally this centrum bears parapophyses but no pleural ribs, while dorsally there

is an autogenous neural arch and spine. In small specimens the centrum is still

pierced by a notochordal foramen. The occipital condyle of lower teleosts is primi-

tively formed by the inclusion of a centrum into the neurocranium, but rarely is

there any associated neural arch. Thus Elops would appear to represent a primitive
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stage, directly comparable to Tarpon but more advanced than that described for

Heterotis where according to Greenwood (1968) there is also a pleural rib and epi-

central bones associated with this centrum. It is generally assumed that the

neural arches associated with this centrum are lost in most teleosts but the situation

may be more complex since Gosline (1969) records that in Alepocephalus the neural

arches have become detached from the centrum and are incorporated into the neuro-

cranium. Clearly the occipital condyle region of the teleost neurocranium warrants

closer attention.

The prootic is the largest endochondral component of the neurocranium and, as

is usual in teleosts, is complicated in shape. The prootic is disposed in a vertical

and horizontal plane, the former consisting of transverse and longitudinal faces. The
horizontal part of the prootic extends medially from the lateral face beneath the level

of the pars jugularis and meets its fellow in the mid-line, so forming the prootic

bridge. The anterior margin of the prootic bridge is deeply indented in the mid-

line, forming the posterior margin of the pituitary foramen. The anterior border

of this foramen is formed by the basisphenoid. Posteriorly the prootic bridge is

sutured with the basioccipital so separating the cranial cavity above from the pos-

terior myodome below. The abducens nerve pierces the prootic bridge near to its

junction with the lateral vertical face of the prootic.

The lateral vertical face of the prootic is depressed postero-dorsally where it

forms the anterior region of the subtemporal fossa. Postero-ventrally the prootic

is inflated to form part of the wall of the otolith chamber. Within the lateral face

of the prootic runs the long pars jugularis. Posteriorly the pars jugularis opens to

the lateral face of the neurocranium by the jugular foramen, close to the prootic-

exoccipital suture. Immediately above the jugular foramen the prootic is raised

into a short spine which extends posteriorly and interdigitates with an anterior limb

of the intercalar. The hyomandibular foramen opens to the surface of the prootic

above the level of the pars jugularis to which it is connected by a short canal. Above
the foramen the path taken by the hyomandibular ramus is seen as a faint groove.

From the floor of the pars jugularis a short canal passes ventrally through the

prootic and splits into two branches, one opening on the medial face, the other on

the lateral face. The former carries the palatine branch of the facial, the latter

carries the orbital artery.

The medial wall of the pars jugularis is perforated by a single large foramen

through which pass the roots of the trigeminal, facial and profundus ciliaris nerves.

The pars ganghonaris is simply represented by a small depression on the medial

aspect of the prootic. The gasserian and geniculate ganglia are lodged within this

depression.

The anterior, transversely orientated face of the prootic is small. It meets the

autosphenotic and pterosphenoid dorsally, the basisphenoid ventro-medially and
the parasphenoid ventro-laterally. Medial to the large anterior opening of the pars

jugularis there is a smaller oculomotor foramen.

The autosphenotic is tetrahedral, the apex of the tetrahedron being produced

laterally as a small spine to which the levator arcus palatini musculature is attached.

Laterally the autosphenotic forms the anterior part of both the dilatator fossa and the
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Fig. 4. Elops hawaiensis Regan. Neurocranium in orbital view.

hyomandibular facet. The orbital face of the autosphenotic contacts the prootic,

pterosphenoid and frontal and is pierced by a foramen conveying the otic branch of

the facial to innervate the otic sensory canal. Internally the autosphenotic forms

the anterior wall of the post-temporal fossa. Ridewood (1904) stated that in Elops

saurus the anterior limit of the post-temporal fossa is formed by the pterosphenoid

(alisphenoid). This is not the case in E. hawaiensis.

The lateral margins of the heart-shaped optic foramen are formed by the ptero-

sphenoid of either side which lies medial to both the prootic and autosphenotic.

The surface of the pterosphenoid is marked by a groove which curves upwards and
forwards from the opening to the pars jugularis. This groove contains the super-

ficial ophthalmic branches of V and VII. The trochlear nerve passes out of the cranial

cavity through the optic foramen.

The orbitosphenoid lies anterior to the pterosphenoids. The anterior margin of the

orbitosphenoid is perforated by a large foramen through which pass the olfactory

tracts. Ventrally the orbitosphenoid is produced as a membranous interorbital

septum. Posteriorly the orbitosphenoid forms the dorsal margin of the optic fora-

men. The ventral margin of the optic foramen is formed by the ' wings ' of the
' Y '-shaped basisphenoid which contact the prootic and pterosphenoid of either

side. The laterally flattened stem of the basisphenoid passes antero-ventrally to meet
the parasphenoid so dividing the entrance to the posterior myodome. The basi-

sphenoid stem ossifies late in ontogeny.

The parasphenoid is long, extending from its contact with the vomer anteriorly

to the hind edge of the basioccipital. Beneath the orbit the parasphenoid is relatively

narrow but beneath the otic region it is broader as it forms the floor of the posterior
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Fig. 5. Elops hawaiensis Regan. Neurocranium in ventral view.

Hatched areas represent cartilage.
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myodome. The parasphenoid is produced dorsally as a shallow ascending wing

which partially overlaps the prootic. A foramen for the internal carotid artery

occurs within the parasphenoid at the base of the ascending wing. Posteriorly

the parasphenoid ends in a notch forming the lower edge of a foramen leading to the

myodome, the dorsal edge of this foramen being formed by the basioccipital. Beneath

the orbit the parasphenoid bears teeth. In young individuals the teeth are very

small and clustered along the margins of the bone but in adults the pattern changes

to a dense and complete covering of small villiform teeth. The parasphenoid is

usually pierced in the mid-line beneath the basisphenoid by a foramen for the bucco-

hypophysial canal but in the specimen figured here (Text-fig. 5) it is closed ventrally.

The vomer consists of a broad head and a spear-shaped shaft which extends

posteriorly beneath the lateral ethmoid. The paired vomerine tooth plates are

raised upon short pedicels. In small individuals each toothed area is separated

from its partner and bears about 20 small recurved teeth. During growth the

number of teeth increases to about 60 and the toothed areas of either side approxi-

mate to one another in the mid-line. Even in the largest specimens examined the

toothed area retains its identity as a paired element.

Much of the snout region is formed by cartilage. Between the dermethmoid
above and the vomer below the ethmoid cartilage separates the nasal capsules

of either side. The posterior, ventral and anterior walls of the nasal capsule are

composed of ethmoid cartilage. Beneath the anterior region of the solum nasi the

cartilage is somewhat denser than elsewhere and forms an oval facet for the articula-

tion of the palatine head. Two facets for jaw articulation occur upon the lateral

face of the cartilage above the vomer. The posterior of these receives the head of

the maxilla while the anterior receives the premaxilla. In the largest individuals

the extreme anterior tip of the ethmoid cartilage may show a limited amount of

endochondral ossification. Posteriorly the lateral edge of the planum antorbitale

ossifies perichondrally to form the lateral ethmoid. The olfactory tract and the

nasal branch of the orbitonasal artery pierce the planum antorbitale through a

large foramen olfactorium advehens. There is no anterior myodome.
Hyopalatine bones. The hyomandibular is a stout element with a single broad

articulatory head (a distinction from the type-species which shows a weakly divided

head, Ridewood 1904) which is inclined antero-ventrally. The hyomandibular is

produced postero-ventrally as a narrow shaft. Dorsally the posterior margin of

the hyomandibular projects as a prominent opercular process which articulates with

a cup-shaped depression on the operculum. The hyomandibular ramus of VII and
the efferent hyoidean artery pierce the hyomandibular immediately beneath the

anterior limit of the head and run obliquely through the bone to emerge beneath

the opercular process before running down in a groove on the posterior edge of the

shaft. Anteriorly the head of the hyomandibular is produced as a thin wing of

bone which lies medial to the dorsal part of the metapterygoid. The cup-shaped

space left between the hyomandibular and metapterygoid, the hyomandibular-

metapterygoid cup, receives deeper fibres of the levator arcus palatini.

The metapterygoid is irregular in shape. Its dorsal margin is turned horizontally,

medial to that part referred to above which overlaps the hyomandibular. The
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anterior border of the metapterygoid overlaps the endopterygoid, while the ventral

margin is in synchondral union with the quadrate.

The quadrate bears a stout articulatory condyle which in adult fish lies vertically

beneath the head of the hyomandibular. The posterior margin of the quadrate

is thickened. Upon the medial surface of the quadrate a deep groove runs close

to the posterior margin and accommodates the ventral end of the styliform symplectic.

The dorsal end of the latter is united with the hyomandibular shaft by cartilage.

The ectopterygoid is composed of two limbs, the posterior grooved to fit the

anterior margin of the quadrate and the longer anterior limb disposed more horizon-

tally. The dorsal edge of the ectopterygoid is thickened and to this thickening is

attached a tough fold of skin which inserts on the medial face of the overlying infra-

orbitals. Gosline (1965) pointed out that there was no ectopterygoid process in

Elops but the thickened ridge in E. hawaiensis may be considered as such a rudi-

mentary process. The oral surface of the ectopterygoid bears many small villiform

teeth.

The convex oral surface of the endopterygoid is covered with many small villiform

teeth, continuous with those upon the ectopterygoid.

There is a small dermal palatine (dermopalatine) but no ossified autopalatine.

The palatine cartilage overlaps the anterior ends of the ectopterygoid and endoptery-

goid posteriorly. Anteriorly the cartilage is slightly swollen and bears a facet upon
the dorso-medial surface which fits against the floor of the nasal capsule. The
ventro-lateral surface of the palatine cartilage articulates with the maxilla but there

is no special facet developed. The dermopalatine is represented by a tooth plate.

The teeth borne by this plate are continuous with those on the ectopterygoid and
endopterygoid but are more like those of the vomer in shape, being pointed and
recurved.

Dermal upper jaw. The upper jaw extends from the tip of the snout to behind the

orbit. The relative length of the upper jaw increases slightly throughout life. The
premaxilla forms a little less than one-third of the convex oral margin. The pre-

maxilla is relatively shallow, the maximum depth being equal to less than one-quarter

of its length and situated towards the anterior end. From its point of maximum
depth the bone tapers in both directions. The oral surface of the premaxilla bears a

band of small teeth. Each tooth is conical and bears a pointed enamel cap, set at an

angle to the main axis of the tooth. Basally the tooth is set within a shallow socket.

The maxilla is elongate and deepest posteriorly. Anteriorly the maxilla curves

both dorsally and medially to end in a simple rounded head which articulates directly

with the ethmoid. Behind the maxillary head the dorsal surface of the maxilla

bears a palatine process which articulates with the ventro-lateral aspect of the

palatine through a biconcave sliver of cartilage. The oral margin of the maxilla

bears a band of small teeth similar to those upon the premaxilla. Posteriorly

the tooth band extends on to the lateral surface of the bone.

There are two supramaxillae. The anterior supramaxilla is produced anteriorly

as a spine. The posterior bone also bears an anterior spine which overlies part of

the anterior supramaxilla. Both supramaxillae are without strengthening ridges

and are relatively immobile, unlike these bones in clupeoids.
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Mandible. Little may usefully be added to what Ridevvood (1904) has described

in Elops saurus. Mention may be made of the deep fossa on the medial surface of

the dentary which receives the Aw division of the adductor mandibulae. This fossa

is relatively deep in Elops, its development probably being advanced and perhaps

correlated with the predatory habits of this genus since it is absent in the micro-

phagous clupeoids.

Circumorbital series. The circumorbital ring is incomplete dorsally. The supra-

orbital is the only anamestic component of the series. It is a narrow bone which lies

close against the frontal. The ventral end of the supraorbital is overlain by the

antorbital. This latter bone and the snout ossicles have been described and figured by
Nybelin (1956, 1967a) in Elops saurus and the situation is the same in E. hawaiensis.

The first infraorbital is very deep anteriorly but shallow posteriorly. Charac-

teristically the first infraorbital contacts the supraorbital and so excludes the antor-

bital from the orbit. The second infraorbital is very short and shallow and meets

the expanded third infraorbital in an oblique suture. The fourth and fifth infra-

orbitals, like the third, are longer than deep. The sixth infraorbital, or dermo-

sphenotic, consists of a shallow base which is produced antero-dorsally as a process

which lies tightly against the frontal.

Hyoid arch, gill arches and gular plate. These structures and associated dermal

elements have been dealt with in various papers ; the hyoid and gill arches by
Ridewood (1904) and especially Nelson (1968a, b, E. hawaiensis, and 1969a), the

dentition of the mouth cavity by Nybelin (1968) and the gular plate by Jessen

(1968). Although the above authors described Elops saurus there is little difference

in E. hawaiensis.

dhh

vhh ace

3mm
1

Fig. 7. Elops hawaiensis Regan. Hyoid bar and branchiostegal rays in left lateral view
;

this and Text-figs. 8-n based on an alizarin preparation of B.M.N.H. 1962. 4. 3.1,

62 mm S.L.
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Fig. 8. Elops hawaiensis Regan. Gill arches of right side in dorsal view. The dorsal

elements have been turned back exposing their ventral aspect ; the second supra-

pharyngobranchial is obscured by ib3, and the fourth infrapharyngobranchial is covered

by Tpib4. Hatched area represents cartilage, black represents tooth plates and gill-rakers.

The only additional feature worthy of note is the attachment of the gill arches to

the neurocranium, an attachment which is effected through the first infrapharyngo-

branchial and suprapharyngobranchial. The former element is attached through

a small disc of cartilage to the parasphenoid behind the internal carotid foramen
in that bone. A posterior attachment to the neurocranium is effected by a ligament

which passes from the dorsal limb of the first epibranchial to the anterior extension

of the intercalar. Within this ligament the first suprapharyngobranchial is repre-

sented as a small ossified rod situated just above the first epibranchial.
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Cephalic sensory canal system. The main canals run within bony tubes which are

perforated by pores. ' The sensory canals produce ridges upon the bones through

which they run. The junctions between the major canals lie in the skin.

The lateral line passes on to the cranial roof by a pore at the postero-lateral

corner of the pterotic. The otic canal runs through the extreme lateral edge of the

roofing portion of the pterotic and opens anteriorly above the autosphenotic spine.

The dorsal surface of the otic canal is perforated by three or four pores. The pos-

terior opening of the otic canal lies adjacent to a pore in the supratemporal and also

adjacent to but at a distance from the top of the preopercular canal. The triradiate

union between the supratemporal commissure, otic and preopercular canals occurs

within the skin.

The anterior opening of the otic canal lies adjacent to two pores ; one within the

frontal which is the lateral opening of the supraorbital canal and one from the dorsal

surface of the dermosphenotic which represents the dorsal limit of the infraorbital

canal. Again, the union of these canals lies in the skin.

From its union with the otic and infraorbital canals, the supraorbital canal curves

medially and then anteriorly to run the length of the frontal. A large branch of

the supraorbital canal is given off posteriorly and this runs back on to the parietal

where it opens to the surface by a single terminal pore, behind which there is in some
specimens a continuing shallow groove. The groove is interpreted as representing

the anterior pit-line. The parietal is also marked by three small pores arranged in a

transverse row. Such a pore arrangement is similar to the middle pit-line of hale-

costomes and leptolepids. In these latter fishes the pores are set in a shallow groove

but no such connecting groove exists in Elops. The main supraorbital sensory canal

opens to the surface by several pores on both the lateral and medial aspects of the

canal. Above the epiphyseal region there is a predominance of medial pores, while

above the orbit and otic regions lateral pores are more common.
The infraorbital canal runs very close to the orbital margin of the infraorbitals,

opening to the surface by a series of posterior and inferior pores. The neuromast

distribution has been noted by Nelson (1969b). Anteriorly the infraorbital canal

joins with the antorbital branch and the ethmoid commissure. The distribution

of the sensory canals in this region has been described by Nybelin for Elops lacerta

(1956, 1967a) which in all respects is similar to E. hawaiensis.

The preopercular canal runs at the anterior margin of that bone and in its ventral

half opens to the surface by ten to fifteen pores. Ventrally the preopercular canal

is continuous with the mandibular canal which is contained within the articular and
dentary. The mandibular canal opens to the surface by a series of large pores.

Opercular series. The opercular bones of Elops saurus have been described by
Ridewood (1904). In most respects they are similar to those of E. hawaiensis,

differing only in proportions. Further description is unnecessary.

Pectoral girdle and fin. The supratemporal, although not strictly part of the

shoulder girdle, may be considered here. As in all elopoids the supratemporal is

very large and thin, fully justifying its alternative name of the ' scale bone '. The
supratemporal has a straight anterior margin which extends from the postero-lateral

corner of the pterotic to the mid-line. The posterior margin is broadly curved,
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Fig. 9. Elops hawaiensis Regan. Pectoral girdle of the left side in medial view.

showing an indentation in the middle of its length. The growth pattern of the

supratemporal refutes any suggestion that it is formed of two elements. The
supratemporals of either side meet one another in the mid-line covering both the

epiotics and the supraoccipital. In consequence of this median union the supra-

temporal commissure is completely enclosed by bone. The latter canal opens to

the surface by a few posterior pores. The main lateral line pierces the ventral surface

of the supratemporal.

The post-temporal is composed of a main body which bears three processes. The
body of the bone is a small flat plate on the underside of which there is a small

depression which receives the dorsal end of the supracleithrum. The lateral line

runs through the lateral margin of the post-temporal. Two of the three processes
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mentioned above are merely extensions of the anterior margin of the main body.

Medially there is a pointed dorsal limb which overlies the epiotic process. Laterally,

there is a very small limb which reaches forwards but fails to reach the pterotic.

The third process originates from the undersurface of the main body and passes

antero-ventrally to become firmly anchored to the intercalar.

The supracleithrum is long, narrow and inclined postero-ventrally. The anterior

margin is slightly thickened. The lateral line runs obliquely through the upper half.

Ventrally the supracleithrum overlaps the cleithrum. The latter element is, as

usual, the largest single component of the shoulder girdle. From a narrow dorsal

portion the bone expands as it curves antero-ventrally and medially to contact its

fellow in the ventral mid-line. The anterior margin of the cleithrum is turned

inwards to form both the posterior wall of the gill chamber and a site of origin for

the sterno-hyoideus musculature. There are three narrow postcleithra attached to

the medial surface of the cleithrum.

The endochondral coracoid is attached to the ventral limb of the cleithrum. In

its middle region it fails to contact the cleithrum and there is instead a large space,

the interosseous foramen of Starks (1930). Posteriorly the coracoid contacts the

scapula laterally and the mesocoracoid dorsally.

The scapula spreads over the inner face of the cleithrum. The scapula completely

encloses the scapular foramen. Posteriorly the margin of the scapula bears a deep

notch, the point of insertion of the outermost fin-ray. The mesocoracoid is repre-

sented by a thin bar of bone which passes dorsally from its union with the scapula

and coracoid. The dorsal part of the mesocoracoid is expanded and like the scapula

spreads over the inner face of the cleithrum.

Support of the dermal fin-rays is shared by the endochondral girdle and the radial

elements. The outer ray is attached directly to the scapula. There are four ossified

proximal radials which articulate with the coracoid. The longest of the proximal

radials is the innermost, the shortest the outermost. A further row of cartilaginous

distal radials may be recognized but neither their number (usually six to eight) nor

their distribution is constant from individual to individual or even from one side of a

specimen to the other. The distal radials appear to play little part in the support

of the fin.

There are 15-16 branched rays plus the outer unbranched ray. The longest is

the second in the series, the outermost branched ray. At the base of the first ray

there is a small triangular pectoral splint bone which is positioned equally over

both halves of the ray.

Pelvic girdle and fin. The pelvic fin originates beneath the anterior half of the

dorsal fin. The fin-rays are supported by both radials and a pelvic bone. The
latter is triangular, the apex directed anteriorly. Posteriorly the margin of the pelvic

bone is covered by cartilage. Two or three cartilaginous radials articulate with the

posterior margin. An ossified inner radial articulates with the postero-medial aspect

of the pelvic bone. This inner radial is represented by a curved splint, the proximal

end of which lies between the bases of the inner four rays.

There are 15-16 pelvic fin-rays of which the outermost is unbranched. The third

ray is the longest of the series. At the base of the upper half of the outermost ray
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there is an elongate pelvic splint bone. The anterior end of this pelvic splint lies

free in the somatic musculature.

Vertebral column. The vertebral column is composed of 68 vertebrae. There

are 19 caudal vertebrae.

Each centrum is amphicoelous and pierced centrally for the passage of the noto-

chord. The majority of the centra are as deep as long but those anteriorly are

deeper than long while those posteriorly are slightly longer than deep. The centra

are marked laterally by fine grooves separated by equally fine ridges. The neural

arches, haemal arches and parapophyses are received within shallow pits upon the

centra.

Anteriorly the neural arches are wide and expanded distally. Towards the pos-

terior end of the abdominal region the neural arches become more slender and there

is no distal expansion. The neural spines of the first 34 vertebrae remain as separate

halves but posterior to this level the lateral halves fuse to form solid median spines.

The neural spines of the third, fourth and fifth preural centra are somewhat longer

and straighter than those immediately in front and aid in the support of the caudal

fin-rays.

The first 47 centra bear parapophyses. To these are attached the pleural ribs.

The anterior parapophyses are small but those associated with centra 35-47 gradually

increase in length. Behind this level complete haemal arches and spines are seen,

the last four being long and stout and involved in the support of the caudal fin-rays.

Epineural intermuscular bones are only absent from the centrum incorporated

into the neurocranium and the last three caudal vertebrae. The epineurals asso-

ciated with the first 30 or so vertebrae are attached to the bases of the neural arches.

Those behind lie free, the anterior free members having forked bases. Epipleural

intermusculars are found throughout the caudal region. All lie free, and like their

neural counterparts those found anteriorly show forked bases.

Sigmoid supraneurals occur between the tips of the first 32 neural spines. The
first supraneural is the largest, thereafter they decrease in size posteriorly. It is

of interest to note that supraneurals occur between the first few pterygiophores of

the dorsal fin.

Median fins. The dorsal fin lies in the centre of the back and consists of 25
fin-rays of which the first four, although paired, are unbranched and not articulated.

The seventh ray is both the longest and the first branched of the series. The fin-

rays are supported upon 21 pterygiophores of which all except the first two consist

of distinct proximal, middle and distal radials. The distal radials lie between the

bases of the fin-rays. The first two pterygiophores consist of two radial elements,

fusion having occurred between the proximal and middle radial. Together, the first

two pterygiophores support the first five fin-rays.

The origin of the anal fin is midway between the pelvic fin and the caudal peduncle.

The anal fin is composed of 17 fin-rays of which the first three are not articulated.

The sixth ray is both the longest and the first branched of the series. Thirteen

pterygiophores support the fin-rays. The first is long and like its dorsal counterpart

consists of fused proximal and median radials and a separate distal radial. The
first two pterygiophores support the first six fin-rays.
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Fig. io. Elops hawaiensis Regan. Caudal skeleton in left lateral view.

Arrows indicate upper and lower principal fin-rays.

The caudal fin skeleton of Elops has been figured and described several times,

the most important references being those of Regan (1910), Hollister (1936) and
Nybelin (1963, 1971) and although those works were concerned with Elops saurus,

E. lacerta and E. senegalensis , the caudal structure of E. hawaiensis is very similar

(Text-fig. 10).

Squamation. There are 95-97 scales in the lateral line series. The transverse

count immediately in front of the dorsal fin is 12 above and 17 below the lateral line

series. The scales are relatively small and approximately circular in shape. The
anterior margin tends to be straight. The nucleus is positioned centrally and the

surface of the scale is marked by concentric circuli which fade out on the exposed

surface. The posterior margin of the scale is often frayed during life giving the

margin a crenulated appearance. The anterior field is marked by 9-13 strong radii

which interrupt the anterior margin producing a scalloped edge. The scales from

the posterior region of the body generally show fewer radii. Bone cells are found

within the scales and are most abundant in the anterior fields.

Lateral line scales are distinguished by the presence of a prominent tube con-

taining the lateral line canal. At the bases of the fins there are many smaller scales
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which tend to be ovoid and to lack radii. Together these small scales form a basal

sheath to the dorsal and anal fins. Enlarged axillary scales are present above the

paired fins.

Appendix to the genus Elops

Woodward (1901) described a fossil form which he referred to the genus Elops

without any distinct species recognition. The Elops sp. is represented by two
specimens (B.M.N.H. 39443 and P. 1762) from the London Clay (Ypresian) of Shep-

pey, Kent, England. Unfortunately the specimens are poorly preserved and have
suffered from pyritization so that very little may usefully be added to Woodward's

(1901) description. Elops sp. is certainly larger than any extant species and shows

a depression upon the skull roof. This latter feature, although obvious, is of little

use taxonomically since the largest individuals of the extant species also show a

depression of limited size. The scales of the Eocene Elops are marked in their

exposed portion by ridges, but again this is sometimes seen in the Recent species.

All features that may be seen of the cranial anatomy, vertebral column and squama-
tion suggest that this species is correctly referred to the genus Elops but lack of

material results in the Eocene form being left as Elops sp.

Genus DAVICHTHYS nov.

Diagnosis. Elopid fishes reaching 120 mm S.L. Head shallow, the length of

the cranium forming about 30 per cent S.L. Cranial bones generally smooth.

The first infraorbital is rounded and fails to contact the supraorbital. Infraorbital

canal with a few moderately long branches ; the union of the antorbital and infra-

orbital canals not enclosed by bone. Maxilla extending to the hind margin of the

orbit ; two supramaxillae, the posterior marked by a pronounced strengthening

ridge. Quadrate with the anterior margin considerably longer than the posterior

margin
;
quadrate/mandibular articulation well behind the eye. Ceratohyal solid.

Preoperculum narrow throughout, the contained sensory canal opening directly

to the surface by a few large pores. Vertebral column with 50-56 vertebrae of

which 20 are caudal. Pectoral and pelvic fins each composed of 12 rays. Scales

small, circular and those in the anterior region of the body marked by four or five

weakly defined anterior radii.

Remarks. The genus is founded on the best known species, Davichthys dubius

(Davis) which had been questionably placed in synonymy with Osmeroides gracilis

Davis, to which it shows little similarity. 0. gracilis is made the type-species of a

new albulid genus Lebonichthys on p. 171. Davichthys is known from the Lower
Cenomanian of Morocco and from the Middle Cenomanian and the Upper Santonian

of Lebanon.

Type species. Osmeroides dubius Davis.
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Davichthys dubius (Davis)

(Text-figs. 12, 13)

1887 Osmeroides dubius Davis : 565, pi. 31, fig. 4.

1901 lOsmeroides gracilis Davis ; Woodward : 16.

Diagnosis. Davichthys reaching 70 mm S.L. Skull roof with faint ornamentation

on the frontal bones above the orbit. Maxilla with straight oral margin ; supra-

maxillae large
;
premaxilla shallow, forming about one-quarter of the oral margin

of the jaw. Preopercular sensory canal running at the anterior margin of the bone.

Dorsal fin situated in the centre of the back and composed of 15 rays. Anal slightly

nearer to the caudal peduncle than to the pelvic fin and composed of 16-17 rays.

Caudal fin with fringing fulcra.

Holotype. Nearly complete fish, R.S.M. 1891.59.38, from the Upper Santonian

of Sahel Alma, Lebanon.

Material. The holotype and the following specimens were examined : R.S.M.

1891.59. 147, B.M.N.H. 48155 and 46539. All are from the Upper Santonian of

Sahel Alma, Lebanon.

Description. The anatomy of Davichthys is very like that of Elops and Anae-

thalion and distinguishing characters are few and minor. In several respects

Davichthys is intermediate between Elops and Anaethalion.

The head, as in all elopids, is relatively shallow and the gape moderately large.

The skull roof is similar to Elops and Anaethalion in being flat, with medially united

parietals and with frontals which are narrow and parallel-sided above the orbit but

widen considerably above the otic region. In contrast to Elops and Anaethalion

the frontal of Davichthys is ornamented above the orbit by weak ridges. The
dermethmoid is flat, as in all elopoids, and does not bear the ventro-lateral pro-

jections seen in some species of Anaethalion (Nybelin 1967b : fig. 4B). The absence

of such projections is a resemblance to Elops. An ethmoid commissure could not

be identified in the specimens examined.

The neurocranium is shallow with the narrow, straight parasphenoid lying almost

horizontally, as in other elopids. Anteriorly the vomer bears a rounded tooth plate

which carries a dentition of small pointed teeth. Whether the vomerine tooth plate

was paired or not could not be seen.

The hyomandibular is attached to the neurocranium by a single broad head and
the shaft is inclined posteriorly, as in Elops and some species of Anaethalion. While

most elopids have an undivided hyomandibular head Elops saurus shows a clear

division into anterior and posterior portions (cf. Ridewood 1904 : fig. 10).

The metapterygoid overlaps both the hyomandibular and the endopterygoid and
is unusual among elopids in being deeper than long. The quadrate is also distinctive

in that the anterior border is longer than the posterior. As in Elops and Anaethalion

the quadrate does not have a well-defined facet behind the articulatory condyle as

it does in megalopids. In the remainder of the hyopalatine series there is a close

similarity with other elopids. Thus the ectopterygoid is narrow and shows a ridge
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Fig. 12. Davichthys dubius (Davis). Above, cranium in left lateral view.

Below, circumorbital bones. Restoration based on several specimens.

which probably represents a rudimentary ectopterygoid process and the ectoptery-

goid, endopterygoid and dermopalatine bear many tiny teeth. The autopalatine

is weakly ossified and the anterior end is produced in a simple rounded knob.

The upper jaw is like that of other elopids. The premaxilla is narrow compared
to that bone in Elops and the maxilla, which is deeper than that of Elops, bears an

ill-defined palatine process. This small palatine process is more like the bony
nubbin seen in Anaethalion than the well-developed process in Elops. There are

two supramaxillae, the posterior of which bears a prominent strengthening ridge as

in Anaethalion. The dentition of the upper jaw consists of a band of tiny pointed

teeth on both the maxilla and premaxilla.

The mandible is similar to that of other elopids in being shallow throughout with

a small coronoid process situated posteriorly and in having the mandibular sensory
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canal wholly contained within bone. The oral margin of the dentary is straight,

unlike the concave outline of the dentary of Elops. The dentition is similar to that

of Elops. The quadrate/mandibular articulation occurs beneath the otic region.

The bones surrounding the orbit are set in typical elopid fashion. The nasals are

slender tubes which probabby lay free in the skin. The splint-like supraorbital lies

in tandem with the triangular antorbital. Five infraorbitals were recognized but a

dermosphenotic was not seen. The first infraorbital is rounded anteriorly as in

Anaethalion and thus differs from the Elops condition. In shape the posterior

infraorbitals are very similar to those of other elopids, but in their width there is a

closer resemblance to Elops. The infraorbital sensory canal runs close to the orbital

margin and sends off bone-enclosed branches within the second, third and fourth

infraorbitals. These bone-enclosed branches are a resemblance to Anaethalion

rather than Elops. Anteriorly the main infraorbital canal passes straight out of the

bone. The narrow antorbital branch must have linked with the infraorbital canal

outside the bone, as in Elops but unlike Anaethalion (Nybelin 1967b).

The anterior and posterior ceratohyals are the same shape as in Elops and extend

between the jaw rami. As in Elops the anterior ceratohyal is solid, not fenestrated

as it is in Anaethalion. Little may be seen of the branchial arches, but the first

and second gill arches bore long gill-rakers, a feature which is totally unlike Lebonich-

thys (
= Osmeroides) gracilis to which Davichthys dubius had previously been allied.

The opercular series is very much like that of Anaethalion. The preoperculum is

narrow throughout, unlike Elops, but like that genus the sensory canal runs at the

anterior margin in contrast to the condition in Anaethalion.

The postcranial skeleton is little different from either Elops or Anaethalion. The
vertebral column consists of 50 vertebrae of which approximately 19 are caudal.

The total count agrees more closely with Anaethalion (42-66) than with Elops

(63-80) but in all three genera there are approximately the same number of caudal

vertebrae.

The dorsal fin is situated in the middle of the back as in Elops but unlike most

species of Anaethalion except A. ?cf. subovatus (Nybelin 1967b : pi. 5).

A distinction from both Elops and Anaethalion is the length of the pectoral

fin-rays, which extend posteriorly almost to the pelvic fin.

The caudal skeleton is, as far as may be seen, similar to both Elops and at least

some species of Anaethalion. In retaining fringing fulcra there is a greater similarity

with Anaethalion.

The cycloid scales are small, circular and marked by fine circuli. Those in the

anterior region of the body have three or four radii in the anterior field which produce

a scalloped anterior margin.

Davichthys gardneri sp. nov.

(Text-figs. 14, 15)

Diagnosis. Davichthys reaching 120 mm S.L. Skull roof without ornament.

Maxilla with straight oral border ; supramaxillae slender, the second particularly

shallow posteriorly. Premaxilla forming nearly one-third of the upper jaw margin
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Fig. 14. Davichthys gardneri sp. nov. Cranium and pectoral girdle in left

lateral view. Based on the holotype.

and moderately deep anteriorly. Preopercular canal distant from the anterior

margin of the bone. Dorsal fin situated mid-way between the occiput and the caudal

peduncle and composed of 23 rays. Anal situated mid-way between the pelvic fin

and the caudal peduncle, with 14 rays. Fringing fulcra absent.

Holotype. Nearly complete fish, B.M.N.H. 49520, from the Middle Cenomanian
of Hakel, Lebanon.

Material. No material other than the holotype is known.

Remarks. This species is founded on a single specimen previously identified as

Halec. The essential characters of the genus Davichthys are to be found here, the

differences from the type-species being those meristic counts and morphometric
ratios which may be inferred from the specific diagnoses.

Davichthys gardneri is larger than the type-species and has a relatively deeper

head. The dermethmoid is produced laterally as a small prong resembling the larger

process in Anaethalion.

The hyomandibular of D. gardneri shows a very well-developed opercular process

and the shaft is narrow, differing in both features from D. dubius. The upper jaw
differs from that in the type-species in showing a prominent palatine process on the

maxilla, very shallow supramaxillae and a premaxilla which is substantially deeper.

The preoperculum appears slightly more primitive than in the type-species,

having no lower limb and the sensory canal distant from the anterior margin. The
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Fig. 15. Davichthys gardneri sp. nov. Caudal skeleton in left lateral view.

Based on holotype.

operculum is narrower than in D. dubius and the ventral margin shows a slight

indentation.

Little observable difference exists in the postcranial skeleton, except for the

meristic counts. The caudal fin does not bear fringing fulcra which are present in

the type-species.

Davichthys lacostei (Arambourg)

1954 Holcolepis lacostei Arambourg : 54, text-figs. 28, 29, pi. 7, figs, 1, 3, 4.

Diagnosis (emended). Davichthys reaching 90 mm S.L. Skull roof smooth.

Maxilla with convex oral margin, both supramaxillae large and rounded, premaxilla

small. Preopercular sensory canal distant from the anterior margin of the pre-

operculum. Dorsal fin nearer to the caudal peduncle than the occiput and composed

of 14 rays. Anal slightly nearer to the caudal peduncle than the pelvic fins and

composed of 9 rays.
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Formation and locality. Lower Cenomanian of Jebel Tselfat, Morocco.

Remarks. This species has been described in some detail by Arambourg (1954).

The chief differences from the other species concern the position and size of the median
fins, the shape of the maxilla and the small size of the premaxilla. D. lacostei shares

with D. gardneri a similarly shaped hyomandibular, an unornamented cranial roof

and a similarly disposed preopercular sensory canal.

Remarks on the genus Davichthys

The close resemblance of Davichthys to other elopids has necessitated nothing

more than the above comparative notes. Removal of the type-species from associa-

tion with Lebonichthys gracilis is justified by the lack of any of the albulid specializa-

tions characterizing Lebonichthys (p. 171).

A new genus is made for these three species because they are intermediate in

structure between the Upper Jurassic Anaethalion and the Eocene-Recent Elops.

Davichthys appears to be the sole Cretaceous representative of the family Elopidae.

Genus ANAETHALION White, 1938

(Text-figs. 16-19)

For generic synonymy see Gaudant (1968). For diagnosis of the genus see

Nybelin (1967b).

The genus Anaethalion as now understood is constituted by several Upper Jurassic

(Kimmeridgian) species from Germany, France and Spain. The genus was first

described by Munster (1842a) who used the preoccupied name Aethalion for his type-

species, A. angustus. New species were added and described by Munster (op. cit.

and 1842b), Winkler (1862) and Wagner (1863). Sauvage (1903) recognized two
species (A. vidali and A. gigas) from Lerida, Spain.

Nybelin (1967b), in a taxonomic revision of the genus as represented in the

Kimmeridgian of Germany, recognized five (possibly six) species, viz. ; A . angustus

(Munster), A. angustissimus (Munster), A. knorri (Blainville) , A. mayri Nybelin,

A. sp. and A. (?) cf. subovatus (Munster). Lack of cranial material cast doubt on
the inclusion of the last-mentioned species in the genus. Gaudant (1968) revised the

species from France and came to the conclusion that in addition to A. knorri and
A . angustus there were also two different species ; A . affmis Gaudant and A . cirinensis

Gaudant. Both Nybelin (1967b) and Gaudant (1968) have described the anatomy
of Anaethalion.

The purpose of the present work is to evaluate the relationships of the genus,

primarily upon the basis of the anatomy of Anaethalion vidali. No attempt is made
to analyse the validity of the species recognized hitherto as the author has only had
the chance to examine a limited amount of material. The material examined is as

follows : Anaethalion angustus, B.M.N.H. 37926, 37912, 37927 ; A. knorri, B.M.N.H.

36030, 379°3. 37839. 37°42. P.1095 ; A. angustissimus, B.M.N.H. P-3575. 37901

(neotype) ; A. (?) cf. subovatus, B.M.N.H. P.3656, P.3723 ; A. sp., B.M.N.H. P.3728,
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37048 ; A.gigas, B.M.N.H. P.10927, P.10377, P. 10380 ; A. vidali, B.M.N.H. P.10375

and P.10376.

Anaethalion has been referred to the Leptolepididae by Woodward (1895), Berg

(1940), Bertin & Arambourg (1958), Danil'chenko (1964) and Romer (1966).

Nybelin (1967b) did not firmly suggest a familial position although he hinted strongly

at a relationship with Elops. Similarly Gaudant (1968) could not reconcile Anaetha-

lion with the Leptolepididae and erected a new family, the Anaethalionidae.

I would agree with both Nybelin and Gaudant that Anaethalion should be

excluded from the leptolepids. There are several features of dissimilarity from

leptolepids which, at the same time, are points of similarity with Elops. The neuro-

cranium is shallow ; there is a connection between the supraorbital and infraorbital

sensory canals ; the supratemporal bone is large (unlike Upper Jurassic leptolepids)
;

the infraorbital and preopercular sensory canals show few branches ; there is no
basipterygoid process ; both the maxilla and dentary are shallow, the latter bearing

only a weakly defined coronoid process posteriorly ; and the dentition upon the

dermal jaws consists of broad bands of villiform teeth.

Although Anaethalion is unlike leptolepids, it must also be said that definite

evidence of elopid affinity is lacking for most species of Anaethalion. It is true

that Anaethalion is most favourably compared with Elops and Davichthys, but a

positive association with elopids could only be made on finding rostral ossicles, an

associated leptocephalus larva or a pectoral splint. A pectoral splint is present in

Anaethalion vidali and consequently this form may be assigned to the Elopidae with

some degree of certainty (but see footnote p. 190). The other species may or may
not be elopids. In caudal anatomy there is some variability from species to species

within the genus Anaethalion. These caudal variations and their possible implica-

tions in understanding the relationships of Anaethalion species are discussed below

(P- 39)-

The following remarks on the genus are based primarily on A. vidali, the only

species definitely referable to the Elopidae.

To describe the anatomy of A. vidali would essentially be a repetition of the

description given for Elops, so alike are the two forms. The differences that exist

are minor and many are bridged by Davichthys.

The skull roof of Anaethalion differs from that of Elops only in the form of the

dermethmoid, which bears ventro-laterally directed processes similar to those seen

in young Tarpon and Megalops. Such horns are absent in Elops but may be seen

in Davichthys gardneri and probably represent a primitive teleostean condition.

Little is known concerning the neurocranium of any species of Anaethalion.

What is known suggests that the neurocranium is primitive, closely resembling that

of Elops. Within the otic region the pars jugularis is long with separate openings

as in Elops, the subtemporal fossa is deep and there is a prootic-intercalar bridge in

at least A. vidali and A. knorri. Posteriorly the first vertebral centrum is incor-

porated with the neurocranium (also figured for A. knorri by Nybelin 1967b) and this

centrum bears a large neural arch.

The snout of A . vidali resembles that of Elops ; the mesethmoid must have been

unossified and the lateral ethmoid is represented by a thin sliver of perichondral
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bone. Although the shape of the vomer could not be seen it is known to be a short

element bearing many small villiform teeth. Other species of Anaethalion examined

show a comparable development of the vomer and lateral ethmoid although most
appear to show some endochondral ossification of the mesethmoid.

In all species of Anaethalion the parasphenoid is relatively narrow throughout

and is without a basipterygoid process. A. vidali differs from most species of the

genus, and also from Elops, in the shape of the parasphenoid. In A . vidali the para-

sphenoid is angled beneath the ascending wings. At this same level there are slight

lateral swellings. Both of these features are seen in the parasphenoid of megalopid

fishes and the shape of this element in A . vidali (Text-fig. 16, par) is most favourably

compared with that of Tarpon (Text-fig. 23, par). Small villiform teeth are borne

on the parasphenoid.

Anaethalion vidali differs from other species of Anaethalion examined in having

the otic region of the neurocranial roof convex and the autosphenotic spine well

developed (Text-fig. 16, asp).

The hyopalatine series is of the basic teleostean plan (Text-fig. 16). Unlike

Davichthys the metapterygoid is relatively shallow and thus more closely resembles

that seen in Elops. There is no evidence of an ectopterygoid process but the dorasl

margin of the ectopterygoid is slightly thickened. The quadrate/mandibular

articulation occurs beneath the posterior border of the eye, as in most other species

of Anaethalion, and is in a similar position in Davichthys lacostei (Arambourg 1954 :

fig. 28). In other species of Davichthys and Elops the articulation is situated more
posteriorly. A. angustissimus shows a condition similar to Elops. The backward
movement of the quadrate/mandibular articulation is a trend to be noted in the

Elopidae.

The upper jaw of A. vidali is similar to that of other elopids, showing a small

premaxilla and small supramaxillae, the latter proportionately smaller than in

Elops and Davichthys. The palatine process on the maxilla is relatively small in

Anaethalion. Most species of Anaethalion (but not A . vidali) show a stout strengthen-

ing ridge upon the posterior supramaxilla, a feature which is interpreted as being the

primitive condition.

The lower jaw is shallow as in other elopids and although other species of Anaetha-

lion show a variation in the depth and shape of the mandible (see Nybelin 1967b)

all show a weakly defined, posteriorly situated coronoid process, in contrast to lepto-

lepids.

The anterior ceratohyal of all examined species of Anaethalion is fenestrated, un-

like that of Davichthys and Elops. A fenestrated ceratohyal is probably a primitive

feature since it is found in a great many primitive teleosts.
~

The circumorbital series of A . vidali is not known but there are minor differences

between other species of Anaethalion and Elops. The circumorbital series of several

species of Anaethalion has been described and figured by Nybelin (1967b) and Gau-
dant (1968). In those species of Anaethalion known in this respect the first infra-

orbital is ovoid, with a triangular antorbital resting directly upon its antero-dorsal

margin. There is no connection between the lachrymal and the supraorbital, and
the triradiate division of the infraorbital sensory canal (i.e. the origin of the antorbital
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and ethmoid commissure branches) lies within the lachrymal. In Elops the lachry-

mal is elbowed and contacts the supraorbital dorsally, the splint-like antorbital

lying along the anterior margin of the upright limb. The triradiate division of the

infraorbital sensory canal occurs in the skin anterior to the lachrymal. Junction

of the lachrymal and supraorbital bones, so excluding the antorbital from the orbital

margin, is rare in lower teleosts, although it has been figured for Leptolepis dubia

(Patterson 1967a : fig. 4) and is therefore of doubtful phyletic significance. The
bone-enclosed branches of the infraorbital sensory canal of Anaethalion are similar

to Davichthys but unlike Elops.

The preoperculum of A. vidali and other species of Anaethalion consists essentially

of a vertical limb, the horizontal portion being short. Elops, Davichthys dubius

and D. lacostei show a more pronounced horizontal limb and the preoperculum is

slightly expanded postero-ventrally. The preopercular sensory canal of all species

of Anaethalion opens to the surface within the lower portion of the bone. In A.

vidali, as in other elopids, the main canal opens directly to the surface via a series of

pores but in other species of Anaethalion there are a few well-developed secondary

branches enclosed within the bone. The latter condition is considered the more
primitive.

The postcranial skeleton of A . vidali is similar to that of Elops, with no significant

differences in the vertebral column or the paired fins and girdles. The vertebral

count of A. vidali (66) is substantially higher than that of most species of Anaethalion

(range 42-57).

In most species of Anaethalion the dorsal fin, although of the same shape and size

as the dorsal of Elops, is situated slightly nearer to the caudal peduncle than the

occiput. In Elops the dorsal is situated in the centre of the back. Among the

species of Anaethalion, A. (?) cf. subovatus and A. vidali show an Elops-like dis-

position of the dorsal fin. A. vidali exhibits three features of the fins normally

associated with megalopids among Elopiformes : the origin of the pelvic is in advance

of that of the dorsal, the anal fin is slightly elongated and the first anal pterygiophore

is stout and long, nearly touching the vertebrae above.

The caudal skeleton of A . vidali (Text-fig. 17) is very similar to that of Elops (or,

for that matter, later leptolepids) the main difference being the development of a

complete neural spine associated with the second preural centrum. However, a

complete neural spine upon the second preural centrum is also seen in Davichthys

gardneri among elopids. Unlike Elops, A . vidali shows a single fringing fulcrum, a

structure which is also seen in Davichthys dubius. Anaethalion vidali differs from

other elopids but resembles some other species of Anaethalion in the development of

laminar bone on the anterior margins of the third and fourth preural neural spines.

The caudal skeleton of the German species of Anaethalion shows several variations

from that of A . vidali. Sketches of some of these species are given in Text-fig. 18

(see also Nybelin 1971). The development of laminar bone varies ; it is well

developed in A . knorri, A . angustus and also in the Spanish A . gigas ; A . angustissimus

shows weakly developed laminar bone on the second preural neural spine and as in

A. knorri and A. angustus there are well developed projections at the bases of the

first few preural neural and haemal spines.
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Fig. 17. Anaethalion vidali (Sauvage). Caudal skeleton in left lateral view. Camera
lucida drawing of B.M.N.H. P.10375, partially restored. Arrows indicate upper and
lower principal fin-rays.

There is also variation in the length of the second preural neural spine, long in

A. angustus, ' three-quarter length ' in A. (?) cf. subovatus and ' half-length ' in A.

angustissimus , A. knorri, A. gigas and A. sp.

The three epurals of most species of Anaethalion form a graded series but those of

A. angustissimus are subequal in length, as in many primitive euteleostean fish.

It is also to be noted that A . gigas from the Kimmeridgian of Spain shows a large

neural structure above the first preural and first ural centra. This appears to be a

result of fusion between two neural arches which in other species remain separate.

Such a fused structure may be a function of size.

Regrettably, too few specimens were examined to allow an assessment of these

variations. The neural arches and spines are known to vary in Megalops (Text-fig.

33) and perhaps little attention is justified. The development of laminar bone in

some species may be of significance since this feature is usually associated with the

euteleostean caudal skeleton (Patterson 1970b).
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Fig. 18. Anaethalion. Caudal skeletons of various species. Based on camera lucida

drawings. A. Anaethalion (?) cf. subovatus from B.M.N.H. P.3723 ; B. A. angustus

from B.M.N.H. 37927 ; C. A. angustissimus from B.M.N.H. 37901 ; D. A. knorri from
B.M.N.H. 37839 ; E. A. gigas from B.M.N.H. P. 10380. A to D have been reversed.
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The variations in the caudal skeleton of Anaethalion illustrated by Nybelin (1963,

1967b, 1971) and here (Text-fig. 18) do not, however, encompass the type shown by
Gaudant (1968 : fig. 5) for A. cirinensis, based on the holotype (Gaudant op. cit.

pi. 3, fig. 2). The figure given by Gaudant is unusual for two reasons ; a complete

neural arch and spine is shown on the first preural centrum and the third uroneural

is elongate and overlaps the second ural centrum. Both these conditions are not

met with in elopid (or late leptolepid) fishes, but are usually associated with

osteoglossomorph fishes (cf. Hiodon and Lycoptera as figured by Greenwood 1970b).

From the plate given by Gaudant the apparent discrepancy between his

drawing and other species of Anaethalion may be reconciled. The neural structure

borne by the first preural centrum appears to represent a neural arch only, there

being no indication, even as an impression, of a distal prolongation. The uroneural

structure is correctly figured as may be seen by comparing the plate and drawing and
inasmuch as there are three visible uroneurals the labelling is accurate. However,

the third uroneural figured by Gaudant probably represents the second of other

Anaethalion species and elopoids. In length and proximal extension this uroneural

is exactly comparable with the second uroneural of elopoids and other species of

Anaethalion. Presumably the third uroneural is either missing from the specimen

or possibly represented by the splint-like structure shown below the distal extremity

of the ' third ' uroneural (Gaudant 1968 : pi. 3, fig. 2). The first two uroneurals

(U^ and U 2 of Gaudant 1968 : fig. 5) represent the unfused condition of the first

uroneural of elopoids which is known to be a compound element. Thus the first two
uroneurals of A. cirinensis resemble those of leptolepids.

The scales of Anaethalion (unknown in A. vidali) are moderately large, circular

and marked by fine circuli which are absent from the central portion of the exposed

field. Bone cells are present. Such features are similar to those of Elops. How-
ever, the scales of Anaethalion do not show the well-marked anterior radii charac-

teristic of all elopiforms.

In summary, the genus Anaethalion is an assemblage of primitive teleostean fishes

most favourably compared with the Elopidae. Anaethalion is more advanced than

known leptolepids in showing a reduction of the ethmoid ossification and lacking

a basipterygoid process. The suspensorium and dermal jaws are primitive as are

many features of the neurocranium and give no indication as to the relationships of

most species of Anaethalion. The caudal skeleton is seen to vary from species to

species (Nybelin 1971) and it may be of significance that some species show laminar

bone, a feature normally associated with euteleosteans. The structure of the caudal

skeleton suggests that A. (?) cf. subovatus and A. sp. are closely related; A.

knorri, A . angustus and A . angustissimus are probably interrelated species and may
be linked to A. sp. and A. (?) cf. subovatus by A. vidali. Anaethalion cirinensis

appears to be the most primitive species on the basis of caudal anatomy since it

shows three long uroneurals, the first two representing a ' pre-fusion ' state compared
with other species of Anaethalion.

The elopid A. vidali resembles the Megalopidae in some respects. Thus the shape

of the body, the position of the pelvic fin and the elongate first anal pterygiophore

are similar to Tarpon. In the cranium the otic region of the cranial roof is convex,
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the autosphenotic spine is well developed and the dilatator fossa is relatively deep.

These features, and the shape of the parasphenoid, are reminiscent of those seen in

megalopids. Further research on A. vidali may justify the inclusion of this species

in the Megalopidae.

Family MEGALOPIDAE Jordan, 1923

Diagnosis. Elopoid fishes in which the body is compressed. Cranium deep,

mouth terminal or (more usually) superior. Cranial roof convex above the otic

region. Parietals without evidence of middle pit-lines. Autosphenotic spine and
epiotic process well developed. Post-temporal fossae extend forward to orbito-

sphenoid and are confluent above the cranial cavity. Dilatator fossa with or without

roof. Otophysic connection developed in at least some representatives ; intercalar

enlarged, partially or completely surrounding the cranial diverticulum of the swim-

bladder. One rostral ossicle. Quadrate/mandibular articulation beneath orbit.

Mandible with prominent coronoid process. Pseudobranchiae present (Holstvoogd

1965). Pelvic fins originating beneath or anterior to the dorsal fin origin. Anal fin

slightly elongated (compared with Elopidae). First anal pterygiophore extending

to the vertebral column. Urodermal absent. Scales with three to six basal radii,

posterior field ornamented. Lateral line tubes branched.

Genus TARPON Jordan & Evermann, 1896

For full generic synonymy see Hildebrand (1963).

Diagnosis (emended). Megalopid fishes reaching 1800 mm in length. Neuro-

cranial roof markedly convex above the cranial vault. Parietals considerably longer

than broad in adult. Dilatator fossa broad, shallow and without a roof. Intercalar

not entering the lateral wall of the periotic bulla. Jugular canal opening below the

level of the subtemporal fossa. Maximum depth of the neurocranium at the occiput.

Maxilla extending behind the eye. Scales with three to four anterior (basal) radii.

Type and only species. Megalops atlanticus Cuvier & Valenciennes, 1846.

Tarpon atlanticus (Cuvier & Valenciennes)

(Text-figs. 20-29)

For synonymy see Hildebrand (1963).

Diagnosis (emended). Tarpon in which the origin of the pelvic fin is in advance

of the dorsal fin. Maximum depth of body less than the length of the head. Dorsal

fin with 13-15 rays, anal 22-25. Vertebral column with 53-57 vertebrae of which

approximately 20 are caudal. Lateral line with 41-48 scales. Fringing fulcra one

to four in number.

Habitat. Atlantic coastal waters of North and South America (from Cape Cod
to Brazil), sometimes entering fresh water. Also recorded from tropical West Africa.
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There is a great deal of literature on both locality data and growth stages of T.

atlanticus, a useful synopsis of which is found in Hildebrand (1963).

Remarks. The skeleton of Tarpon atlanticus has never been satisfactorily de-

scribed. This, and the fact that in several respects it is more primitive than the

frequently cited Megalops cyprinoides has led to the inclusion here of a more complete

account. Omitted details are those of the caudal fin anatomy, which have been dealt

with by Hollister (1936 : 263-268), and the otic region of the skull (in so far as this

has been affected by the anterior swimbladder diverticula) which has been described

by Greenwood (1970a).

Description. In a young individual (c. 87 mm S.L.) the cranium is one and a

half times as long as deep. Throughout life the depth increases with respect to

length. Other morphometric changes that occur during growth are dealt with in

the description. Unless otherwise stated, remarks apply to adult individuals.

Neurocranium. The skull roof is flat anteriorly but becomes strongly convex

posteriorly. In lateral view the dorsal margin of the skull roof is perfectly straight,

or in some large specimens may even exhibit a slight concavity (cf. Gregory 1933 :

fig. 31). The greatest width of the neurocranium is equal to 60 per cent of its

length and occurs at the sphenotic level. During growth the skull roof becomes
relatively wider, due primarily to the development of strong sphenotic spines, and the

distance from the occiput to the level of the sphenotic spines increases relative to

the total neurocranial length. This differential growth is quite considerable (in a

fish of c. 87 mm S.L. the distance from the occiput to the level of the sphenotic

spines is 26-5 per cent of the total neurocranial length, while in a fish of 650 mm this

distance is 37 per cent) and may reflect the development of the enormous post-

temporal fossae.

The anterior portion of the skull roof is formed, as in all megalopids, by a complex
median dermethmoid. The horizontal part of this bone is constricted one-third of

the way back. To the anterior margin of the bone is attached a strong ligament

from the head of the maxilla. The ethmoid commissure runs transversely through

the tubular rostral, near the anterior border. Laterally, a large pore receives the

canal from the lateral rostral. Immediately medial to this, another large pore

opens posteriorly and near the mid-line a much smaller pore opens anteriorly.

Posteriorly, the dermethmoid overlaps the anterior end of the frontals. A postero-

ventrally directed wing arises from beneath the lateral border of the dermethmoid
and passes down over the cartilage surrounding the olfactory organ. Posteriorly

this wing, in older specimens, is in sutural contact with the lateral ethmoid.

It appears that the lateral processes are ossifications embryonically distinct from
the main body of the dermethmoid. Patterson (1970b) states that similar ossifica-

tions are present in Leptolepis coryphaenoides and Megalops and that they are similar

to the ' proethmoids ' of the stomiatoid Polymetme. For a fuller account of the

homology of these lateral processes see Patterson (1970b : 261-262).

The frontal is the largest single component of the skull roof. Anteriorly it passes

beneath the dermethmoid almost to the anterior end of the latter (Nybelin 1967a :

fig. 2C figures the anterior termination of the frontal as lying completely behind the

dermethmoid), while posteriorly the frontal overlies part of both the pterotic and
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Fig. 20. Tarpon atlanticus (Cuvier & Valenciennes). Neurocranium in dorsal view.
Nasal, dermosphenotic and supratemporal are shown on the right side only. This and
Text-figs. 21-27 are eacn based on several adult specimens. Hatched areas represent
cartilage.
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parietal. The surface of the frontal is marked by a very shallow ridge which runs

the length of the bone and extends posteriorly on to the parietal.

Anteriorly the supraorbital canal is contained within a horizontal plate-like

nasal. In smaller individuals the nasal is tubular, as in Elops. Above the orbit

the frontal has a narrow rebate for the narrow supraorbital. In larger specimens

the supraorbital is tightly bound to the frontal.

The parietal is three times as long as wide and is overlapped by the frontal an-

teriorly. During growth the shape of the parietal changes from broad to narrow.

The pterotic is triangular and its true extent may not be seen in dorsal view, due to

the convexity of the skull roof.

Beneath the dermethmoid the ethmoid cartilage extends back to the orbit.

Anteriorly, where the cartilage projects beyond the dermethmoid, it becomes ossified

as it expands over the dorsal part of the vomer. This ossified mesethmoid is securely

attached to the vomer, so that its individuality may only be recognized in young,

alizarin-stained specimens. The dorsal surface of the mesethmoid bears a median
ridge on either side of which is an ovoid depression. The depression receives

the head (cranial condyle) of the maxilla, while the premaxillae meet one another

immediately above the median ridge.

The medial wall of the nasal capsule is mainly cartilaginous. The lateral ethmoid

is ossified in the lateral part of the planum antorbitale. From its sutural connection

with the underside of the frontal the lateral ethmoid curves anteriorly and ventrally

to contact the dermethmoid wing. The ventral surface of this contact bears a large

cartilaginous meniscus which receives the dorsal surface of the palatine head.

The vomer underlies the mesethmoid and the anterior end of the parasphenoid.

In ventral view it is diamond-shaped with the posterior angle produced in an
elongated point which interdigitates with the parasphenoid. The dorsal surface

of the vomer contributes to the facet receiving the maxillary head. The vomer
bears an ovoid patch of numerous fine, backwardly pointed teeth. The confluence

of paired vomerine tooth plates is more complete in adult Tarpon than in Elops,

From the vomer the parasphenoid narrows beneath the orbit before expanding

at the level of the ascending wings. Posteriorly the parasphenoid tapers and
divides into two prongs which end below the posterior part of the basioccipital.

The gap between these two prongs represents the anterior part of a groove beneath

the basioccipital and the first vertebral centrum. The dorsal aorta runs in this groove

and divides into the lateral dorsal aortae at its anterior end. Such a groove is clearly

necessary in this form since the swimbladder diverticulum is pushed tightly against

the skull base beneath the basioccipital. Beneath the ascending process the

parasphenoid is produced laterally in a small prominence at the apex of which the

internal carotid artery enters the myodome. Immediately anterior to this promi-

nence a shallow groove curves antero-ventrally and marks the cranial origin of the

adductor arcus palatini musculature. A very narrow band of small granular teeth

is found on the parasphenoid beneath the orbit. In all megalopids the parasphenoid

tooth patch is less extensive than that of the Elopidae.

The pterotic forms the posterior part of the hyomandibular facet and the dorsal

region of the subtemporal fossa. The posterior face of the pterotic forms the roof
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Fig. 21. Tarpon atlanticus (Cuvier & Valenciennes). Neurocranium in posterior view.

and lateral border of the post-temporal fossa. The exoccipital is large, forming the

ventral border to the post-temporal fossa opening, and the dorsal and lateral margins

of the foramen magnum. Along the medial border of the post-temporal fossa the

exoccipital forms a ridge which is continued on the epiotic. Medial to this ridge

both bones exhibit concave posterior faces. Thus the surface topography of these

bones results in there being a median depression flanked on either side by the post-

temporal fossae. Beneath the foramen magnum the exoccipital bears a facet which

articulates with the first vertebral centrum. On the lateral face of the exoccipital

and basioccipital there is a prominent postero-ventrally inclined ridge which provides

a point of attachment for the anterior diverticulum of the swimbladder (Greenwood

1970a has described and figured the extension of the swimbladder on the otic region

of the skull). Baudelot's ligament inserts on the posterior face of the basioccipital

part of the ridge. The exoccipital also contributes to the subtemporal fossa.

Beneath the subtemporal fossa the exoccipital exhibits a marked depression. Into

the upper part of this depression (which is covered in lateral view by the intercalar,

not described here, see Greenwood 1970a) opens the vagus foramen, immediately

preceded by the much smaller glossopharygeal foramen. The jugular vein runs

along the roof of this depression.

Beneath the exoccipital the basioccipital forms the inner wall of the periotic bulla.

The ontogenetic changes that affect the basioccipital are discussed by Greenwood
(1970a).
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view. Hatched areas represent cartilage.
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The posterior face of the basioccipital and the exoccipital provide a tripartite facet

for the first vertebral centrum, which is a functional part of the neurocranium.

The centrum bears autogenous parapophyses and a neural arch.

The prootic is, as usual, of complex shape. The lateral face contributes to the

hyomandibular facet, the subtemporal fossa and the medial wall of the periotic

chamber. A stout ridge runs horizontally across the lateral face of the prootic

beneath the subtemporal fossa. The jugular canal opens near the posterior border

of the prootic, immediately beneath the horizontal ridge. The hyomandibular
foramen is large and points dorsally above the pars jugularis. In some (particularly

large) specimens an additional foramen (Text-fig. 23) is situated dorsal to the

hyomandibular foramen (Greenwood 1970a : pi. 3, fig. 1). The significance of this

foramen is not clear ; it may provide a separate opening for the efferent hyoidean

artery. Another foramen of inconsistent occurrence may be seen immediately

posterior to the hyomandibular foramen. Greenwood (1970a) identifies this as ' the

foramen for the head vein ' but this is unlikely since in the specimen figured (Green-

wood 1970a : pi. 3, fig. 1) there is a foramen for the head vein in the usual position

and also the foramen in question has no connection, direct or indirect, with the pars

jugularis but opens into the post-temporal fossa. Dissection of a specimen showing

a foramen in a similar position failed to reveal any function. A palatine branch of

the trigeminal nerve leaves the prootic by a slit-like foramen beneath the level of

the pars jugularis. The orbital artery pierces the prootic near its suture with the

parasphenoid.

The medial wall of the pars jugularis is pierced by two large foramina. The pos-

terior and more ventral of these is the facial foramen while the anterior is the tri-

geminal foramen (the profundus ciliaris also passes through this foramen). The
anterior face of the prootic contacts the autosphenotic and pterosphenoid dorsally

and the parasphenoid and basisphenoid ventrally. The anterior face slopes postero-

ventrally from its dorsal contact with the pterosphenoid. Ventrally the prootic

turns horizontally meeting its partner in the mid-line to form the prootic bridge.

The abducens nerve pierces the bridge.

The pterosphenoid is inclined almost horizontally. The trochlearis leaves the

endocranial cavity through a small foramen in the prootic. It passes into the

pterosphenoid to run forward within the bone, leaving the pterosphenoid at its

anterior limit. The anterior margin of the orbitosphenoid is notched by the exit

of the olfactory tract. The orbitosphenoid forms the anterior wall of the post-

temporal fossae.

The median basisphenoid has a stout pedicel which in older specimens becomes

firmly attached to the parasphenoid. From the posterior border two postero-

laterally inclined prongs enter the posterior myodome cavity. The median basi-

sphenoid pedicel bifurcates dorsally to form two short wings which contact with the

prootics.

The post-temporal fossae are enormous. The posterior opening of each fossa

is deeper than wide (cf. Megalops). The fossae extend right forward to the

anterior end of the orbitosphenoid and meet in the mid-line above the endocranial

cavity, from which they are separated by cartilage. The increased depth of the
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skull at the occiput is due to the dorsal development of these fossae. Epaxial trunk

musculature occupies the fossae and is inserted on the walls and on a stout

ligament which inserts on the medial surface of the autosphenotic.

Hyopalatine bones. This series is almost as deep as long in adult specimens, but

in younger specimens the series is considerably longer than deep. Correlated with

this deepening during growth there is a slight forward shift in the quadrate/mandibu-

lar articulation. In the adult it lies beneath the posterior half of the orbit.

The hyomandibular is vertical. Its head has anterior and posterior expansions.

The external surface of the bone is marked by a prominent ridge which ends dorsally

in a small dorso-lateral projection. Immediately behind this ridge there is a groove.

The hyomandibular nerve penetrates the medial face immediately beneath the head
and divides into an opercular branch and a combined mandibular and hyoidean

branch. The former branch leaves the hyomandibular on a level with the opercular

process. The latter opens into the posterior groove immediately beneath the oper-

cular process. The anterior border of the hyomandibular is produced into a narrow,

very thin wing of bone.

The long symplectic is inclined forwards at about 45 ° and fits into a deep groove

upon the quadrate. The dorsal end of the symplectic overlaps the preoperculum.

The quadrate is the usual fan-shaped bone. Ventrally there is an enlarged, trans-

verse condylar surface behind which, in larger specimens, there is a shallow notch.

Such a notch may limit the downward movement of the mandible. The anterior

border of the quadrate fits into a groove on the ectopterygoid.

The metapterygoid is separated from the dorsal margin of the quadrate by a thin

slip of cartilage. Upon the lateral face the metapterygoid is produced postero-

dorsally as a thin wing which overlaps the ventral part of the hyomandibular.

Between this overlap of the hyomandibular and metapterygoid there is a consider-

able space, the hyomandibular-metapterygoid cup, into which insert the deeper

divisions of the levator arcus palatini muscles.

The endopterygoid is overlapped posteriorly by the metapterygoid. Anteriorly

the endopterygoid is ovoid in outline and fits between the posterior region of the

auto- and dermopalatine. The ectopterygoid is a boomerang-shaped element, the

two limbs being equally developed. The posterior and dorsal margins are grooved

to receive the quadrate and endopterygoid.

The dermopalatine is a flat plate of bone partially overlapping both the endo-

and ectopterygoid. The medial edge of the dermopalatine lies against the border

of the vomerine tooth patch. An autopalatine may ossify in large individuals. An-

teriorly the palatine cartilage is expanded into a large knob, the dorso-medial face

of which contacts the cartilage underlying the suture between the dermethmoid and

lateral ethmoid. The antero-lateral aspect of the knob articulates with the palatine

head of the maxilla. Between these two elements lies a small biconcave meniscus

of cartilage.

Much of the buccal face of the hyopalatine series bears teeth. Those on the pala-

tine are small, pointed and directed posteriorly. Upon the endopterygoid, ecto-

pterygoid (and, in older specimens, the metapterygoid) the teeth are slightly smaller

and more granular in form. In young individuals the teeth are relatively larger,
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pointed, but much more sparsely distributed. Those on the ectopterygoid are

confined to the extreme lateral border.

Dermal upper jaw. The upper jaw ends behind the eye. In young individuals

the jaw is relatively narrow with a slightly curved oral margin but in adult specimens

the jaw is deeper and the oral margin is markedly rounded.

The premaxilla occupies 20 per cent of the total jaw length. Anteriorly the

premaxilla is deep, meeting its partner in the mid-line. The dorsal border is pro-

duced posteriorly as a rudimentary articular process which overlaps the maxilla.

The oral border of the premaxilla bears many small, pointed teeth.

The maxilla is thin posteriorly but thickens anteriorly as it curves medially to

articulate with the ethmoid region by a slightly expanded head. A small palatine

process arises from the lateral face of the maxilla, beneath which there is a groove

receiving the posterior (dorsal) border of the premaxilla. Two supramaxillae over-

lap the dorsal margin of the maxilla. The smaller anterior supramaxilla is ovoid

while the larger posterior element has a spine passing dorsal to the anterior supra-

maxilla. A broad band of teeth is borne by the maxilla. The greater width of this

tooth band is on the medial side of the bone.

Mandible. Although the total length of the mandible equals that of the upper

jaw, the mandible protrudes in front of the premaxilla and the mouth is upwardly
directed. The profile of the dentary symphysis continues that of the skull roof in

adult specimens, but in young individuals this is not so and the dentary symphysis

is relatively shallow.

The dentary forms two-thirds of the mandible. The ventral margin is slightly

inflected. Anteriorly the dentary curves markedly inwards to the symphysis. For
one third of the mandibular length the oral margin of the dentary is parallel to the

ventral border, but behind this level the profile rises steeply to form much of the

elongate coronoid process. In young individuals the dentary is relatively shallower

and the oral margin is gently curved. Teeth are borne in a broad band along the

oral margin of the dentary. The tooth band increases in width posteriorly where it

spreads over the medial surface of the bone. Teeth borne by the dentary are similar

to those of the upper jaw and dermopalatine. On the medial surface of the dentary

there is a deep, anteriorly directed, crescent-shaped fossa which receives the anterior

end of the Aw muscle.

The articular forms the posterior part of the coronoid process and the outer portion

of the articulatory cup. The medial surface of the articular has a prominent ridge

which is continuous with a ridge upon the dentary. The endosteal articular forms

the inner portion of the articulatory cup and sends a short process forward on the

top of the articular ridge. A small sesamoid articular occurs anterior to the endo-

steal articular.

Circumorbital series. This series is composed of seven bones, one of which, the

supraorbital, is an anamestic component. The antorbital is a narrow strut, inclined

antero-ventrally from its loose connection with the supraorbital. Part of the ventral

antorbital margin lies against the dorsal border of the lachrymal (the first infra-

orbital) . The latter element is rounded anteriorly. Posteriorly it narrows where it

is partially overlapped by the second infraorbital. On the antero-dorsal part of the
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Fig. 25. Tarpon atlanticus (Cuvier & Valenciennes). Hyoid bar and branchiostegals

(except uppermost ray) of right side in A, medial view and B, lateral view.

first infraorbital there is a prominent knob articulating with the maxilla. Infra-

orbitals 3, 4 and 5 form a broad, thin bony plate. The dermosphenotic is a narrow
bone which tapers as it curves anteriorly to almost touch the supraorbital. It is

considerably stouter than any other infraorbital.

Hyoid arch, gill arches and gular plate. The ceratohyal, as usual, comprises

anterior and posterior elements which are united by cartilage. A short, stout inter-

hyal is connected to the posterior ceratohyal by cartilage. The upper and lower

hypohyals are synchondrally united to one another and to the anterior ceratohyal.

The medial surface of the lower hypohyal bears a small ovoid facet to which a liga-

ment from the urohyal is attached. A medial prominence on the upper hypohyal
lies against the basihyal. The afferent hyoidean artery pierces the medial surface

of the lower hypohyal. From here the artery passes into the upper hypohyal,

emerges from its dorsal surface, and runs posteriorly in a groove on the lateral face
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of the anterior ceratohyal. A foramen on the medial surface of the upper hypohyal
connects with the arterial canal : the significance of this foramen is not clear.

A tooth plate is associated with the dorsal margin of the anterior ceratohyal and
part of the upper hypohyal. Additional tooth plates are scattered in the skin

covering the medial surface of the anterior ceratohyal.

There are 21-24 branchiostegal rays. The anterior 13 are thin and pointed

(almost filiform) and attached to the ventral margin of the anterior ceratohyal

which is scalloped for their reception. As one passes back along the series the rays

become spathiform (terminology after McAllister 1968) and are attached to the

lateral surface of the posterior ceratohyal. The upper branchiostegal extends further

forward than those preceding it and is more closely associated with the interoper-

culum.

The gill arch structure is primitive for a teleostean fish. For instance, the basi-

branchial complex is formed by independent dermal and endochondral elements

and the tooth plates associated with the cerato- and epibranchials are very small and
numerous.

The basibranchial complex is formed by an ossified basihyal succeeded by three

ossified basibranchials. The first basibranchial is short and deep and set slightly

below the level of the elongate second and third elements. The fourth basibranchial

is represented by cartilage. Tooth plates associated with the basihyal and basi-

branchial are an elongated basihyal plate succeeded by a long tooth plate overlying

the first three basibranchials. The tooth plate overlying the fourth basibranchial

varies in shape and size from specimen to specimen : in young adults there are two
ovoid tooth patches set one behind the other, but in old specimens only a single plate

is recognizable. Thus, throughout life there is some degree of assimilation (Nelson

1969a : 484).

Hypobranchials 1-3 are attached to the posterior edge of their respective basi-

branchial supports. There are five ceratobranchials and four epibranchials, the

fourth epibranchial with a large expansion posteriorly. There is no fifth epibranchial

as figured for Megalops by Holstvoogd (1965 : fig. 3b). Of the four infrapharyngo-

branchials the anterior three are ossified and the fourth is represented in cartilage.

The first infrapharyngobranchial articulates with the parasphenoid. Supra-

pharyngobranchial 1 is ossified and attached to the dorsal limb of epibranchial 1 by

cartilage.

Tooth plates of the first arch are associated with hypo-, cerato-, epi- and infra-

pharyngobranchials. Gill-rakers are present, associated with all the above elements

except the first and fourth infrapharyngobranchials. On the first arch there is a

total of 62 gill-rakers (16 on the hypobranchial, 24! upon the ceratobranchial, 20^

on the epibranchial and 1 lying free between the epibranchial and infrapharyngo-

branchial). Immediately behind the gill-rakers and resting upon a ledge near their

base there is a single row of rectangular tooth plates. On the ceratobranchial and

much of the epibranchial there is a one-to-one correspondence between tooth plate

and gill-raker. At the top of the epibranchial the tooth plate row breaks into

smaller irregular plates which continue in the dermis overlying the infrapharyngo-

branchial. Over the hypobranchial the tooth plate row has consolidated into larger
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Fig. 26. Tarpon atlanticus (Cuvier & Valenciennes). Cranium in left lateral view.

units. The posterior face of the hypo-, cerato- and epibranchial is covered by two
rows of tooth plates. The more dorsal of these is formed by very small plates,

irregular in shape and not always set in a linear fashion (indeed this ' row ' is best

described as a band of plates). The ventral row is more easily definable with the

tooth plates larger and regular in shape and set in a definite row. At the dorsal

end of the epibranchial the upper row of tooth plates becomes a broad band which

runs in continuity with the ventral row.

The tooth plates associated with the second and third arches are set in similar

fashion to those of the first. The tooth plates associated with the second infra-

pharyngobranchial are larger than those on the first. The third infrapharyngo-

branchial bears a well-developed tooth plate which lies in series with that associated

with infrapharyngobranchial 4.

The tooth plates upon the fourth arch are similarly distributed to those on the first

three, but the most posterior row is formed by plates resembling reduced gill-rakers

and these interdigitate with the reduced gill-rakers upon the fifth ceratobranchial.

The three tooth-plate rows may still be recognized on the fifth ceratobranchials but

the plates of the posterior row have become much enlarged and together form the

lower pharyngeals.

The urohyal extends posteriorly to the level of the fourth basibranchial. An-
teriorly it is attached to the lower hypohyal of either side by a short ligament. The
gular plate is large, extending for at least half the length of the mandible.
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Opercular series. The greatest width of the operculum occurs at the level of the

articulation with the hyomandibular. Above the articulation the anterior margin
of the operculum is concave. The posterior border of the bone is smoothly rounded.

Postero-ventrally the ventral margin is obliquely inclined. The suboperculum is

essentially a parallel-sided bone with rounded anterior and posterior margins. The
interoperculum is large and rhomboidal in shape. It is attached to the articular

by a stout ligament.

The preoperculum has a smoothly concave anterior border. Mid-way along its

length there is a small prominence anteriorly for the insertion of part of the adductor

mandibulae muscle. The preoperculum is expanded postero-ventrally.

Cephalic sensory canal system. The supraorbital canal penetrates the frontal

above the autosphenotic spine and curves anteriorly to run within the shallow ridge.

A large backwardly directed branch of the canal runs within the posterior part of the

ridge to open on to the parietal. Within the frontal the main secondary branches

of the canal are as illustrated (Text-fig. 20) but in younger individuals the branches

are far more numerous.

A large otic sensory canal runs along the lateral border of the pterotic

opening anteriorly above the autosphenotic spine and posteriorly above the posterior

limit of the hyomandibular facet.

The infraorbital sensory canal runs near to the orbital margin of all infraorbitals

except the first where it passes diagonally across the bone to open at the base of the

antorbital. Short branches are given off posteriorly from the main canal. Within

the skin these canals extend for a considerable distance and exhibit prolific branching.

The infraorbital canal bifurcates as it leaves the anterior (dorsal) end of infraorbital I,

sending a thin antorbital branch (adnasal branch of some authors, e.g. Nybelin

1967a) backwards, and a larger canal forwards which runs through a rostral ossicle

before uniting with the ethmoid commissure (this region of the canal system has been

excellently described and figured by Nybelin 1967a). The infraorbital canal meets

the supraorbital and otic canals within the skin above the dermosphenotic.

The preopercular sensory canal runs very close to the anterior border and opens

on to the surface of the bone through four to seven pores.

The mandibular sensory canal pierces the posterior surface of the articular and

runs within this bone and the dentary. The canal opens to the surface by pores

which become more numerous anteriorly.

Pectoral girdle and fin. The supratemporal is very similar to that of Elops

hawaiensis (p. 22). The pattern of the contained lateral line and supratemporal

commissure is also similar to Elops, with the difference that the commissure in Tarpon

has very few pores.

The post-temporal is a large concavo-convex bone disposed in the vertical plane.

The anterior margin shows three projections, separated by two shallow indentations.

The medial (dorsal) projection overlies the dorso-lateral face of the epiotic process

to which it is attached by a ligament. The middle process is wide and truncated

anteriorly. To this limb is attached a stout ligament which runs into the post-

temporal fossa. The spine-like lateral (central) process is inclined antero-ventrally

and connects with the basal part of the intercalar by a stout ligament.
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Fig. 27. Tarpon atlanticus (Cuvier & Valenciennes).

side in medial view.

Pectoral girdle of right

The lateral line canal descends from the underside of the supratemporal and runs

within a bony tube on the outer surface of the post-temporal before leaving the bone

to pass into the supracleithrum. Posteriorly the post-temporal has a small promi-

nence which fits into a depression at the dorsal end of the supracleithrum.

The blade-shaped supracleithrum is pierced dorsally by the lateral line canal which

runs obliquely across its lateral face. Numerous ventral branches are given off

from the supracleithral canal.
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The cleithrum is large and curves antero-ventrally. The anterior tip meets its

fellow in the mid-line. The anterior margin of the bone is thickened and dorsally

this thickening forms a short spine to which Baudelot's ligament is attached. A
horizontal ledge projects medially from the ventral part of the cleithrum.

The endoskeletal girdle consists of the scapula, coracoid and mesocoracoid. The
scapula is of complex shape. Laterally it spreads over the medial face of the cleith-

rum. Medially, the horizontal portion of the scapula contacts the coracoid and meso-

coracoid through synchondral unions. The posterior margin of the scapula bears a

saddle-shaped depression receiving the first pectoral fin-ray. The scapular foramen

is incomplete.

The coracoid is elongate and lies in the vertical plane. Posteriorly the lateral

face unites with the scapula through a simple synchondral join, and with the meso-

coracoid through an interdigitating synchondral join. The coracoid also exhibits

a syndesmotic union with the horizontal cleithral ledge. The posterior margin of

the coracoid is capped by cartilage. The medial face of the coracoid lies against

that of its partner while the anterior margin is bound by loose connective tissue to

the cleithrum. A large foramen pierces the coracoid below its union with the

scapula and mesocoracoid. The latter bone spreads over the inner surface of the

cleithrum. A narrow mesocoracoid arch passes ventro-medially to contact the

scapula and coracoid.

There are four ossified radials. The outermost is the shortest and the only member
of the series attached to the scapula. The other members of the radial series are

attached to the coracoid, the innermost being the longest. There are two post-

cleithra. The dorsal one is rounded and scale-like. Anteriorly this element bears

a small prominence which lies medial to the cleithrum. The ventral postcleithrum

is an elongated curved roof. The upper end is somewhat flattened and lies against

the medial edge of the dorsal postcleithrum.

There are 14 pectoral fin-rays, the outermost unbranched. All rays are segmented.

At the base of the upper half of the first fin-ray there is a triangular splint bone.

Vertebral column. There are approximately 54 vertebrae (range 53-57) of which

about 20 are caudal. All centra are amphicoelous and pierced by the notochord.

Most of the centra are isodiametric but those anteriorly are deeper than long.

Each centrum is marked laterally by numerous grooves separated by fine ridges,

some of which anastomose. The neural arches are autogenous. Each centrum

bears pits dorsally for their reception. The neural arches associated with the first

29 centra are expanded distally. Neural spines borne by these arches are slender,

straight and remain separate from their fellows of the opposite side. The vertebral

centrum which is incorporated into the neurocranium bears a neural arch somewhat
broader than those immediately behind, but the neural spine is considerably shorter.

The neural spines of the posterior abdominal and caudal region are stout and fused

to their partners of the opposite side. The neural arches which support caudal

fin-rays are modified for this function and are not considered here (see Hollister

1936).

All of the caudal centra have stout haemal arches and spines. The posterior

haemal spines are modified in support of the caudal fin-rays. Autogenous
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Fig. 28. Tarpon atlanticus (Cuvier & Valenciennes). Caudal skeleton in left

lateral view. Based on a young individual 87 mm S.L.

parapophyses are found throughout the abdominal region. Those upon the last

eight abdominal centra become progressively longer. Pleural ribs are attached to

the ventro-posterior aspect of all parapophyses, including those associated with

the neurocranial centrum.

Epineurals are attached to the bases of the neural arches throughout the abdominal

region. In the caudal region the dorsal series of intermuscular bones have forked

bases which are attached to the bases of the neural arches. Epipleural (ventral)

intermuscular bones attach to the dorsal surface of the parapophyses. In the

caudal region ventral intermusculars are attached to the bases of the haemal arches

by tough connective tissue. The ventral intermuscular bones of the anterior 12

vertebrae are attached to the lateral face of the centrum and there are small pro-

jections upon the centra to receive the intermuscular heads. Thus in the extreme

anterior region the intermusculars are epicentral in position. An intermuscular

bone which is attached to the exoccipital appears to lie in series with these epicentrally

placed intermusculars. In the caudal region fine intermuscular bones are attached

to the centre of each centrum by a narrow strand of connective tissue and are there-

fore to be regarded as epicentrals. Thus there are three series of intermusculars

in the caudal region ; dorsal, epicentral and ventral intermusculars.

Between the neural spines of the first 22 vertebrae there is a series of 23 supra-

neurals. All but the first are slender and tubular. The first is solid, very broad,
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particularly in its dorsal extent, and situated anterior to the reduced neural spine

associated with the neurocranial centrum. As in Elops (p. 25) there is an overlapping

of the supraneural and pterygiophore series.

Median fins. The dorsal fin is situated in the centre of the back and is composed
of 15 (13-15) fin-rays, of which the first two are unsegmented. The sixth ray is the

first branched. Behind the sixth the rays decrease in length except the last, the

posterior half of which is produced into a long filamentous structure (see p. 201).

The lepidotrichs are supported by 12 pterygiophores, each composed of proximal,

middle and distal radials. The first pterygiophore is considerably stouter than

those succeeding it, and proximally it extends between the tips of the neural arches

of the twenty-first and twenty-second vertebrae.

The origin of the anal fin lies nearer to the pelvic than to the caudal peduncle.

The fin is composed of approximately 24 rays (range 22-25), 0I which the first four are

unsegmented. The eighth is both the longest and the first branched ray. The
posterior rays increase in length. The posterior half of the last ray may be produced

as a short filament (in alcohol-preserved specimens the tips of the fin-rays are often

broken). The fin-rays are supported upon approximately 21 pterygiophores. The
first, which supports four rays, extends antero-dorsally to end immediately beneath

the thirty-first centrum.

The caudal fin has been described and figured by Hollister (1936).

Squamation. The structure of the scales has been dealt with by Hollister (1939)

and Cockerell (1912). Consequently only brief mention of them is made here.

There are 41-48 lateral line scales (in specimens examined the mode was 44).

The transverse count in front of the dorsal fin is 5/6. Scales of the lateral line are

rounded, the transverse and horizontal axes being equal. The anterior border shows

three scallops delimited by four radii which extend to the centrally placed nucleus.

The tube containing the lateral line has secondary branches, which do not anastomose

(cf. Megalops).

The general body squamation shows a variation in the scale shape. Those scales

immediately behind the cleithrum are deeper than long ; those upon either side of

the dorsal mid-line are decidedly longer than deep while those on the caudal

peduncle are only slightly longer than deep. The scales which sheath the base of

the anal fin (there are no sheathing scales on the dorsal fin, cf. Elops) are smaller

than other body scales and are ovoid to irregular in shape.

Despite differences in shape the scale ornamentation remains constant. The
embedded portion of the scale is marked by concentric circuli composed of many
partially fused tubercles. In the exposed portion the circuli break up to an ir-

regular pattern of tubercles. The posterior margin of the scale is very thin, un-

marked by circuli or tubercles. Instead the border is finely crenulated. In large

scales (i.e. those of large individuals) the posterior scale margin is frequently frayed.

An exception to the above scale types is the scale at the axis of the pelvic and

pectoral fins. The axillary scale is elongate, two and a half times as long as deep,

rounded anteriorly, pointed posteriorly. The scale is attached to the body wall by
a thick flap of skin which inserts on the medial face of the posterior half of the scale.

Circuli are absent and the radii, which originate from the anteriorly placed nucleus,
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are irregular in shape. The thinness of the scale, plus the lack of ornamentation

(circuli), imparts a flexibility to this structure. All scales show bone cells in the

embedded portion.

Genus MEGALOPS Lacepede, 1803

Diagnosis (emended). Megalopid fishes reaching 1 100 mm in length. Neuro-

cranial roof markedly convex above the cranial vault. Parietals as broad as long.

Dilatator fossa broad, shallow and without a roof. Process of intercalar forming the

lateral wall of the periotic bulla. Jugular canal opening posteriorly into the sub-

temporal fossa. Maximum depth of the neurocranium occurring at the auto-

sphenotic level. Maxilla not extending behind the eye. Scales with more than

five anterior (basal) radii.

Type and only species. Clupea cyprinoid.es Broussonet.

Megalops cyprinoides (Broussonet)

(Text-figs. 30-34)

Diagnosis (emended). Megalops in which the origin of the pelvic fin lies beneath

that of the dorsal. Maximum depth of body equal to or greater than the head length.

Dorsal fin with 17-20 rays, anal 24-27 rays. Vertebral column with 67-68 vertebrae

of which approximately 30 are caudal. Lateral line with 36-41 scales. Caudal

fringing fulcra 1-9 in number.

Habitat. Coastal fishes, sometimes entering freshwater. Indo-Pacific, between

40 N and 40 S. Longitude extremes, east coast of Africa to Society Islands.

Remarks. Megalops cyprinoides has often been cited in the literature. The
following works are considered to be the most important anatomical studies : general

cranial anatomy, Ridewood (1904) ; intercalar, with respect to the otophysic con-

nection, Greenwood (1970a) ; branchial arches and associated musculature, Holts-

voogd (1965) ; ligaments and musculature concerned with the feeding and gill

ventilation movements, Vrba (1968) ; otophysic connection, de Beaufort (1909) ;

caudal anatomy, Regan (1910) and Hollister (1939).

The above literature, plus the preceding description of the closely related Tarpon

atlanticus, renders an osteological description unnecessary. It remains to point out

the various differences between the two Recent forms.

The proportions of the skull roof above the otic region of the skull differ from those

in Tarpon. Thus in Megalops the width at the occiput is relatively greater and the

distance from the base of the supraoccipital crest to a line drawn between the auto-

sphenotic spines is considerably less than half the length of that line. In Tarpon this

latter ratio is considerably greater than half, and thus the length of the otic region

in Tarpon is greater.

The parietals are as broad as they are long and show smooth margins. They are

thus like the parietals of young Tarpon but unlike the adult Tarpon condition, where

these bones are approximately three times as long as broad and exhibit zig-zag

sutures anteriorly and posteriorly.
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Fig. 31. Megalops cyprinoides (Broussonet). Neurocranium in posterior view.

Based on same specimen as Text-fig. 30.

The neurocranium of Megalops is relatively deeper and the maximum depth occurs

at the sphenotic level, whereas in Tarpon the maximum depth is at the occiput. The
depth of the Megalops neurocranium is due to the depth of the prootic bone and
parasphenoid ascending wings which in turn may be related to the invasion of the

skull by the swimbladder in the following manner. Megalops has a large eye,

relatively larger than that in Tarpon, and thus might be expected to have a large

posterior myodome. The extreme anterior end of the swimbladder diverticulum is

received in a deep pit within the prootic bone immediately above the prootic bridge,

which is, in consequence, displaced ventrally. This lowering of the myodome roof

would restrict its volume. Hence it is suggested that the myodome volume is

maintained by effectively lowering its floor, i.e. by deepening the prootic and para-

sphenoid walls. Correlated with this deepening is the angled parasphenoid which

is in contrast to the relatively straight bone seen in Tarpon.

The intercalar bone of Megalops has been well described by Greenwood (1970a),

who recognized three interconnected portions ; a basal portion, a lateral shield-like

part and a saddle-like wing. The lateral shield-like portion forms a complete bony
outer wall to the periotic bulla and is joined to the prootic, basioccipital and exoc-

cipital by a syndesmotic union. The anterior swimbladder diverticulum occupies
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all of the periotic bulla, leaving no space for the posterior passage of the jugular vein.

The jugular vein has therefore to take a different course from that seen in most
elopiforms. The vein leaves the pars jugularis above the level of the prootic-

intercalar bridge and runs for a short distance along the floor of the subtemporal

fossa before passing postero-ventrally through a foramen which represents the space

left between the prootic-intercalar bridge and the exoccipital (cf. a similar foramen

in Elops, p. 12), and leaves the cranium by a foramen between the intercalar and
the exoccipital (Greenwood 1970a: pi. 2, ophv). This condition is rather different

from that seen in Tarpon which has been described above. The position of the jugu-

lar vein opening in the prootic of Tarpon is primitive. Posteriorly, the jugular vein

of Tarpon has a slightly different relationship to the intercalar. The jugular vein

runs back in a groove which is entirely surrounded by the intercalar, there being no

contribution by the exoccipital. In short, the jugular vein leaves the cranium of

Megalops between the exoccipital and the shield-like expansion of the intercalar,

whereas in Tarpon its exit is surrounded by the basal, crescentic and shield-like parts

of the intercalar.
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Fig. 32. Megalops cyprinoides (Broussonet). Cranium in left lateral view.

Based on B.M.N.H. 1876.3. 11. 1.
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Fig. 33. Megalops cyprinoides (Broussonet). Diagram to illustrate variations in caudal

osteology. Neural arches stippled, neural spines black.

The only other significant cranial difference between the two genera concerns the

length of the maxilla. The maxilla of Tarpon extends well behind the level of the

eye. That of Megalops nearly always terminates at a level beneath the posterior

eye border. In two specimens out of a total of 24 examined (ranging in S.L. from

48 mm to 365 mm) the maxilla protruded very slightly beyond the posterior orbital

margin.

In the postcranial skeleton Megalops differs from Tarpon in certain respects

which are mentioned in the respective diagnoses. Primarily they concern the posi-

tion of the ventral fins, the ray counts of dorsal and anal fins and the vertebral and

lateral line scale counts.
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Hollister (1939) added further differences in the morphology of the lateral line

scales and these views are endorsed by the present author. However the differences

in the caudal anatomy mentioned by Hollister (1939) are not so consistent as that

author implied. For instance, Hollister found a caudal fin-ray count of 34-35 in

Megalops while that in Tarpon never exceeded 32. Such a difference does not seem
apparent in the specimens examined here. Hollister (1939) also stated that the

basal tip of the first uroneural extended to the anterior part of the second preural

centrum in Megalops whereas that of Tarpon never extended beyond the first preural

centrum, a view endorsed by Greenwood (1970a). While this is true of smaller

individuals, some large individuals of Tarpon exhibit the same uroneural structure

as in Megalops.

The variability of the neural arches and spines associated with the first two preural

centra of M. cyprinoides has been noted by Greenwood (1970a). To these variations

may be added two more conditions, the range of such structural variation being

summed up in Text-fig. 33. The neural arch structure of Tarpon is more constant

4 mm

10mm
B

Fig. 34. Megalops cyprinoides (Broussonet). Diagram to illustrate fringing fulcra

(stippled) preceding the uppermost principal ray (arrowed). A, a young individual

B.M.N.H. 1890.2.26. 187 ; B, an old individual B.M.N.H. 1913.4.7.1. Broken line

indicates the limit of the body squamation.
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(Greenwood 1970a) ; the only variation is the occasional double nature of the second

preural vertebra.

One of the characteristic, albeit retentional, features of the Megalopidae is the

presence of fringing fulcra on the dorsal surface of the upper principal caudal fin-ray.

Regan (1910) noted these in both Megalops and Tarpon. In both genera fringing

fulcra are a very late development ; in Tarpon fringing fulcra are not apparent before

the fish has reached 170 mm S.L. whereas in Megalops (which is a much smaller

species) fringing fulcra do not appear before 116 mm S.L. Tarpon never shows more
than four fulcra (Regan 1910) and generally only one such element is present.

Megalops, on the other hand, shows a prolific development of about eight in the largest

individuals. The fringing fulcra of Tarpon are long and slender, the anterior fulcrum

(generally the only one) being overlapped to a considerable extent by the posterior

dorsal accessory ray. Those of Megalops are short, relatively broad and are but little

overlapped by the preceding ray so that in many specimens examined the fulcra

are not easily distinguished from the terminal segments of the accessory ray. The
fringing fulcra are discussed further elsewhere (p. 199).

Genus PROTARPON gen. nov.

Diagnosis. Megalopid fishes in which the neurocranial roof is flat, marked by
prominent ridges. Parietals slightly longer than broad. Dilatator fossa narrow,

deep and roofed by pterotic and autosphenotic. Posterior opening of the jugular

canal below the level of the subtemporal fossa. Maximum depth of the neuro-

cranium at the occiput. Maxilla extending behind the eye. Operculum without

antero-dorsal indentation. Dentary shallow anteriorly.

Type-species. Megalops prisons Woodward, 1901.

Protarpon priscus (Woodward)

(Text-figs. 35-38)

1844 Hypsodon toliapicus Agassiz : 5, pt. 1 : 101 (nom. nud.).

1844 Megalops priscus Agassiz : 5, pt. 2 : 114 {nom. nud.).

1845 Megalops priscus Agassiz ; Agassiz : 308 {nom. nud.).

1854 Megalops priscus Agassiz ; Owen : 172 {nom. mid.).

190 1 Megalops priscus Woodward : 24, pi. 3 figs. 3-6.

1966 Megalops priscus Woodward ; Casier : 118.

Diagnosis. See Woodward (1901 : 24).

Holotype. B.M.N.H. 36070, head with opercular apparatus, the skull roof

crushed laterally.

Material. The holotype and paratypes B.M.N.H. P.356, P.637, P.4i54a,

P.26694 (formerly P. 1698) and P. 26743. With the exception of the holotype and

P.26743 these specimens consist of the posterior half of the neurocranium in varying

states of preservation. The only specimens which can be definitely assigned to P.

priscus are those with cranial remains.



FOSSIL AND RECENT 71

soc epo

Fig. 35. Protarpon priscus (Woodward). Neurocranium, dorsal view of the otic

region. Based on B.M.N.H. P.356.

Formation and locality. London Clay (Ypresian) of Sheppey, Kent, England.

Description. Neurocranium. The skull roof is flat, marked only by two promi-

nent ridges, which attain their greatest development at the sphenotic level. The
mid-line of the skull roof is slightly depressed, an appearance which is enhanced by
the presence of these ridges. A smaller specimen, B.M.N.H. P.356, shows weak
ridges. By analogy with Tarpon and Megalops these ridges contained the supra-

orbital sensory canals. The supraorbital sensory canal is known to pass posteriorly

into the parietal bones in Megalops and Tarpon and a similar situation existed here

as evidenced by the pores upon the parietal bones illustrated. In the otic region the

roof is parallel-sided, but posteriorly it is produced into three processes ; a median
supraoccipital with large epiotic processes on either side.

Each frontal has a square posterior margin and in consequence imparts an ' L '-

shape to the adjacent pterotic. The medially united parietals are slightly longer

than broad and have a sinuous suture with both pterotics and frontals. The lateral

ethmoid is similar to that of Tarpon.

In posterior view the pentagonal supraoccipital bears a prominent supraoccipital

crest, on either side of which is a slight depression. The epiotic also exhibits a faint

depression immediately beneath the epiotic process. This depression is continued

upon the exoccipital. The exoccipital is large and meets its fellow of the opposite

side above and below the foramen magnum. Laterally the exoccipital forms the
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Fig. 36. Protarpon priscus (Woodward). Neurocranium, right lateral view of the otic

region. Based on B.M.N.H. P. 356 and P. 26694 (formerly P.1698).

ventral margin to the post-temporal fossa and at this point the bone bears a promi-

nent groove which leads towards, but fails to reach, the occipital condyle. Ventrally

the exoccipitals form with the basioccipital a tripartite suture with the first vertebral

centrum. This centrum is functionally part of the neurocranium. The centrum

exhibits a shallow, asymetrically placed notochord pit. The outer surface of the

centrum is generally smooth save for a few longitudinal grooves on its dorsal half.

If, as in the Recent megalopids, a neural arch was attached to this element, its union

with the centrum must have been weak since there is no evidence of articulatory

facets.

A lateral view shows that the neurocranium is deepest at the occiput, a resemblance

to Tarpon. The dilatator fossa is shallow and roofed by the pterotic which forms

much of its inner wall and floor. The hyomandibular facet slopes ventro-anteriorly,

there being a slight downward and lateral flexure at the extreme anterior end.

The facet consists of two oval depressions linked by a somewhat narrower groove.

Like the dilatator fossa the hyomandibular facet is formed largely by the pterotic.

The anterior region of both the facet and the fossa is formed by the autosphenotic

which is produced laterally as a weakly developed autosphenotic spine.

The subtemporal fossa is large and formed by the pterotic, exoccipital and prootic,

which line the dorsal, postero-ventral and antero-ventral regions respectively. It
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is significant that the anterior border of the subtemporal fossa is ill-defined since this

invites comparison with Tarpon. The ventral border is clearly demarcated by a

prominent prootic-intercalar bridge which stands clear of the underlying exoccipital,

leaving a small foramen between the bridge and the lateral cranial wall.

Beneath the subtemporal fossa the exoccipital contacts the basioccipital ventrally

and the prootic anteriorly. At the junction of these three bones there is a shallow

depression. The depressions of either side are only separated from one another by
a double layer of bone and consequently the saccular recesses must have lain above
these depressions, as in Tarpon. The exoccipital is pierced by two foramina. The
larger of these, the vagus foramen, is situated beneath the intercalar and directed

postero-ventrally. The smaller glossopharyngeal foramen faces antero-ventrally

and is situated in front of and somewhat below the level of the vagus foramen.

The intercalar overlies part of the exoccipital laterally and part of the exoccipital,

pterotic and epiotic posteriorly. Much of the intercalar is sutured to the exoccipital.

Anteriorly the intercalar is produced as a thin rod to meet a similar projection from
the prootic so forming the prootic-intercalar bridge. Posteriorly the intercalar

bears a small knob, bordered dorsally and ventrally by grooves, the ventral groove

being particularly prominent. The knob of the intercalar probably provided an
insertion point for a tendon from the post-temporal. The prootic forms much of the

lateral wall of the otic region and is pierced by three large foramina. Ventrally

there is a downwardly directed foramen for the orbital artery, dorsally a large

upwardly facing hyomandibular foramen, while beneath the prootic region of the

prootic-intercalar bridge is the posterior opening of the pars jugularis. This latter
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Fig. 37. Protarpon priscus (Woodward). Neurocranium in posterior view.

Based on B.M.N.H. P.356.
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opening is continuous with a short horizontal groove upon the prootic. At the level

of the foramen for the jugular vein, the medial surface of the prootic is produced
horizontally to meet its partner of the opposite side in the prootic bridge. This

bridge is notched anteriorly in the mid-line where it forms the posterior border to

the pituitary foramen. The abducens nerve pierced the prootic bridge. The an-

terior, vertical face of the prootic is pierced by a large trigemino-facialis foramen.

The details of the trigemino-facialis chamber are similar to those described for

Tarpon. Medial to this foramen lies a small oculomotor foramen.

The parasphenoid, which is only seen in one specimen (B.M.N.H. P.26694),

extends almost to the posterior end of the neurocranium. Throughout its known
extent (i.e. to mid-orbital level) the bone is relatively narrow. Below the orbit the

parasphenoid bears a thin row of teeth in the mid-line. The teeth extend posteriorly

to beneath the ascending wings. Ventrally the posterior end of the parasphenoid

shows a deep median groove which fades anteriorly. A faint lateral groove is seen

immediately behind the small ascending wings. The internal carotid foramen lies

at the base of the ascending wing.

Hyopalatine bones. Very little is known of this series. The hyomandibular

articulates with the neurocranium by a single expanded head which is weakly divided

into anterior and posterior regions. The shaft of the hyomandibular is inclined

ventrally and slightly posteriorly. Its ventral limit is unknown as it is overlapped

by the large metapterygoid. The triangular quadrate is slightly longer than deep

and bears a large condylar surface ventrally. Posteriorly the quadrate is deeply

grooved and receives the rod-like symplectic. The posterior quadrate border is

thick and provided an attachment point for the deeper divisions of the adductor

mandibulae musculature. The preoperculum rests against the posterior margin

of the quadrate. As in Tarpon there is a small notch upon the quadrate immediately

behind the articulatory condyle.

Dermal upper jaw. The upper jaw extends from the snout to a level behind the

orbit. The oral margin of the jaw is slightly curved, less so than in Tarpon or Mega-
lops. The premaxilla is relatively small with its oral border equalling one-quarter

of the total jaw length. The dorsal border of the premaxilla is produced into a

prominence (it hardly deserves the term articular process) which fits into a slight

groove upon the head of the maxilla.

The maxilla is a moderately deep, parallel-sided bone, overlain posteriorly by
two large supramaxillae which resemble those of Tarpon. The head of the maxilla

tapers anteriorly before expanding into a dorsal palatine malleolus and an anterior

ethmoid prominence.

The oral border of both premaxilla and maxilla bears a thin band of very small

villiform teeth. Their posterior extent upon the maxilla is unknown. There appear

to be fewer teeth than in either of the Recent megalopids.

Mandible. The mandible projects in front of the premaxilla. The oral border

curves slightly upwards from the shallow dentary symphysis. At one-third of the

way back the oral border rises more steeply to form a rather elongated coronoid

process, as in Recent megalopids. The teeth borne along the oral border are similar

to those on the upper jaw.
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Fig. 38. Protarpon priscus (Woodward). Cranium in left lateral view.

Based on holotype.

Ventrally the margin of the jaw exhibits a slight inflexion. The surface of the

bone in this region is marked by coarse rugae. The dentary forms most of the lower

jaw, but posteriorly the articular is produced into a prominent process. The mandi-

bular sensory canal pierced the posterior edge of this process and ran through the

mandible opening by small pores which become more numerous nearer the dentary

symphysis.

Circumorbital series. The bones of this series are thin and marked only by faint

radiating ridges. The first infraorbital is rounded anteriorly and bears a small

dorsal prominence which lies posterior to part of the trapezoidal antorbital bone.

The antorbital is considerably larger than, and of a different shape from, that element

in Tarpon and Megalops. Beneath the orbit the infraorbital bones are narrow but

the extent of the second cannot be seen. The third, fourth and fifth members of the

series are broad, extending posteriorly over the preoperculum.

The infraorbital sensory canal runs within the infraorbitals close to the orbital

margin, giving off short branches posteriorly. Within infraorbital 1 these branches

are numerous and directed posteriorly.

Opercular series. As a consequence of the posterior quadrate/mandibular articula-

tion the preoperculum is composed essentially of a ' vertical ' limb. The bone is
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narrow dorsally, but ventrally it widens considerably. The concave anterior margin

of the preopercular is thickened mid-way along its length to receive part of the super-

ficial adductor mandibulae musculature. The preopercular sensory canal ran close

to the anterior margin and opened to the surface of the bone by several large pores.

The operculum is a large bone showing a rounded dorsal margin. The ventral

margin is inclined. Like the other opercular bones the surface is marked by ridges

radiating from the centre of ossification. The suboperculum continues the contour

of the operculum and is partially overlapped by the latter. An interoperculum is

present beneath the preoperculum.

There are at least 20 branchiostegal rays. The posterior members of the series

are broad and bear the same surface markings as the opercular bones. The anterior

branchiostegal rays are fine and needle-like and when the mouth was closed the

anteriormost branchiostegal rays were situated beneath the level of the first infra-

orbital.

Between the lower jaw rami and overlying the anterior branchiostegal rays is a

large gular plate, at least half as long as the mandible. The gular plate is widest

posteriorly where the width is equal to one-third of its length.
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30 mm

Fig. 39. Protarpon cf. prisons. Neurocranium, dorsal view of the otic region.

From B.M.N.H. P.4153.
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Fig. 40. Protarpon cf. priscus. Neurocranium, posterior view of dorsal third.

From B.M.N.H. P.4153.

Appendix to Protarpon priscus

B.M.N.H. P.4153 was considered to be Megalops priscus by Woodward (1901

:

26, pi. 3, fig. 6) and Casier (1966: 118). This specimen consists of the rear part

of a neurocranium and although incomplete, it differs somewhat from the typical

P. priscus. In dorsal view not only is the skull roof relatively wider at the sphenotic

level, but the widest point of the neurocranium occurs towards the posterior end of

the hyomandibular facet, and not, as in P. priscus, at the sphenotic level. The
parietals are relatively smaller and exhibit a characteristic ' waisted ' appearance.

In posterior view the openings of the post-temporal fossae are circular and not

vertically elongated as in P. priscus.

Laterally the neurocranium (Woodward 1901 : pi. 3 fig. 6) shows a large, deep

dilatator fossa containing a large foramen which probably communicated with the

post-temporal fossa. The hyomandibular facet is divided into anterior and posterior

oval depressions, linked by an extremely narrow ledge of bone. Finally, the sub-

temporal fossa appears slightly smaller in area, resembling that of Megalops.

The points mentioned are at variance with the neurocranial details seen in the

(admittedly few) specimens of P. priscus and appear sufficient to remove this speci-

men (P.4153) from P. priscus. However, apart from the neurocranium nothing

else is known about this form and in consequence it would not be justifiable to erect

a new species for it. Pending a better knowledge of the ontogenetic and individual

variation of P. priscus (which could only be gained by more specimens) and/or more
complete material of forms like P.4153, it seems best to regard this specimen as a

form very much like P. priscus but possibly representing a different species.
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Protarpon oblongus (Woodward)

1844 Hypsodon oblongus Agassiz : 5, pt. 1 : 101 {nom. nud.).

1901 Megalops oblongus Woodward : 26.

1966 Megalops oblongus Woodward ; Casier : 119, pi. 13, fig. 2.

Diagnosis. See Woodward (1901 : 26).

Holotype. B.M.N.H. P.634, an otic region of a neurocranium, rather poorly

preserved.

Material. Only the holotype is known.

Formation and locality. London Clay (Ypresian) of Sheppey, Kent, England.

Remarks. This species is retained with reservation. Woodward (1901) dis-

tinguished it on the basis that the distance from the occiput to the level of the

sphenotic spines is equal to the width at the sphenotics. Although the precise

distance between the sphenotic spines cannot be measured in B.M.N.H. P.634
(the lateral roof margins are broken in the specimen) Woodward's distinguishing

character remains essentially true.

In the Recent Tarpon the proportions of the posterior part of the skull roof change

slightly throughout ontogeny, there being a slight increase in length relative to width.

However, in P. prisons the occiput-sphenotic distance never exceeds 75 per cent of

the intersphenotic distance, and is thus very different from that seen in P. oblongus.

Casier (1966 : 119) cites the more weakly developed frontal depression and the

convergence of the ridges on the skull roof as further differences from P. prisons, but

in view of the great variability of these features in the genus Protarpon it seems best

to ignore them.

The parietal bones of P. oblongus are only partially preserved, yet enough remains

to indicate that their length exceeded twice their width, as in Tarpon, whereas the

parietals of P. prisons are only slightly longer than wide. However during the

growth of Tarpon the shape of the parietals changes from square to rectangular.

The lateral otic wall of the neurocranium is very similar to that of P. prisons.

In view of the ontogenetic changes seen in Tarpon it could be argued that P.

oblongus is merely an older individual of P. prisons, but the small difference in size

between P. prisons and P. oblongus could not account for the considerable differences

in proportions mentioned above. Irrespective of the true specific identity, the

important fact remains that the otic region is very similar to P. prisons in the roofed

dilatator fossa, hyomandibular facet, large subtemporal fossa and the position of the

vagus and jugular foramina.

Discussion of the genus Protarpon

Protarpon is clearly a member of the Megalopidae. With these fishes it shares

such characters as a deep neurocranium with an otic depression comparable to that

receiving the swimbladder in Recent forms ; very large post-temporal fossae
;

large, prominent epiotic bones ; narrow, virtually edentulous parasphenoid ; and
general characters of the ethmoid region (preservation of this region precludes
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detailed comparison). The jaw structure is similar to that seen in the Recent forms,

in particular the deep maxilla with the palatine and ethmoid processes situated

close together. The convex oral margin shows a similar dentition. In the opercular

series, similarities are seen in the preopercular sensory canal. Further points of

similarity include primitive features such as small premaxillae, the large gular plate

and high number of branchiostegal rays. These last points cannot, of course, be
held to indicate relationship, but merely suggest that Protarpon has not become
specialized in other directions from Recent megalopids.

On the other hand, there are several features suggesting that Protarpon should not

be included in a Recent genus. Protarpon was included by Woodward (1901) in

the genus Megalops (which included both Recent species) . In recent years, workers

(Hollister 1939 ; Greenwood 1970a) have qualified Jordan and Evermann's (1896)

allocation of the two Recent species to separate genera. The basis of this separation

has been centred upon the swimbladder/ear linkage (Greenwood 1970a) and certain

other details of neurocranial anatomy (see diagnosis of Recent forms and the dis-

cussion of M. cyprinoides included here). The Eocene species differ from both

Recent forms in such details and thus must be accorded generic status. The name
Protarpon has been chosen in the hope that it conveys the idea of greater anatomical

similarity to Tarpon than to Megalops. These differences are noted and discussed

below.

The neurocranial roof of Protarpon is relatively flat, in contrast to the convex

form in Recent species. In these latter forms the cranial convexity is due to a

deepening of the post-temporal fossae, which meet above the endocranium. Such
a deepening is not apparent in Protarpon and may indicate that the post-temporal

fossae of either side remained separate from one another. As in the Recent species,

the post-temporal fossae probably extended forward to the orbitosphenoids,

since these latter bones exhibit a wide dorsal separation. The autosphenotic spine

of Protarpon is weakly developed and the dilatator fossa small and roofed

by the pterotic. This is unlike the condition in extant species where the

dilatator fossa is deep. The weak autosphenotic spine is probably correlated with

the flat skull roof.

In the otic region of the neurocranium there is a single shallow depression formed

by the exoccipital, basioccipital and prootic. This depression may have contained

a simple diverticulum of the swimbladder which must have been only slightly more
complex than that seen in large specimens of Elops lacerta (Greenwood 1970a).

The swimbladder in Recent megalopids is received in complex depressions in the

lateral cranial wall. That the swimbladder projection was simple in Protarpon is

suggested by the primitive position of the jugular canal opening, the position of the

vagus and glossopharyngeal foramina and the lack of any supporting crista upon the

basioccipital. In Recent megalopids the swimbladder has pushed so far forward as

to shift the vagus and glossopharyngeal foramina to a higher and more posterior

position. In Megalops the jugular canal opening has also shifted.

The premaxilla of Protarpon is considerably narrower than that of extant megalo-

pids. The mandible is relatively shallow, without a very large coronoid process,

and the symphysis does not protrude to any great extent. The dorsal margin of
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the operculum is smoothly rounded, without the characteristic indentation seen in

Tarpon and Megalops.

In all of the above respects Protarpon is more primitive than the Recent mega-
lopids. It shows no specialization that would exclude it from being an ancestor to

either or both of the Recent genera. The apparent greater similarity to Tarpon
rather than Megalops can be attributed to the relative primitive nature of Protarpon

and Tarpon. These two last genera share such characters as a relatively shallow

neurocranium, with the maximum depth at the occiput, a straight parasphenoid, the

primitive position of the jugular foramen and the lack of a bony covering to the

swimbladder/ear connection.

Genus PROMEGALOPS Casier, 1966

1966 Promegalops Casier : 120.

Diagnosis (emended) . Megalopid fishes in which the neurocranial roof is markedly
convex above the cranial vault. Parietals slightly longer than broad. Dilatator

fossa shallow, partially roofed by a very thin ledge formed by the pterotic and auto-

sphenotic. Maximum depth of the neurocranium at the level of the autosphenotic.

Parasphenoid bent at the level of the ascending wings. Mandible shallow, coronoid

process weakly developed. Operculum with antero-dorsal indentation.

Type-species. Promegalops signeuxae Casier, 1966.

Promegalops sheppeyensis Casier, 1966

(Text-figs. 41-43)

Remarks. Casier (1966) erected the genus Promegalops for two specimens from

the London Clay (Ypresian) of Sheppey, Kent, England. For each specimen a new
species was erected, P. signeuxae (the type-species) and P. sheppeyensis (for a speci-

men formerly included in Megalops prisons, B.M.N.H. P. 9192). The former is

known by a nearly complete head, the latter from a neurocranium. Both have

been adequately described by Casier (1966), but apart from referring the genus to

the Elopidae (including the Megalopidae) he came to no definite conclusions about

the affinity of this genus.

The megalopid nature of Promegalops is shown by the deep skull with a lower jaw

which is obliquely inclined towards the snout ; a dentary symphysis which protrudes

slightly ; the otic region of the neurocranium which is short and deep ; and by the

dermethmoid and mesethmoid which have a similar shape to that seen in Recent

megalopids (Casier 1966 doubts the presence of the postero-ventral projection of the

ethmoid which occurs in the Recent species)

.

Promegalops differs from the contemporaneous Protarpon in the following important

respects : skull roof markedly convex above the cranial vault ; autosphenotic spine

moderately well developed ; dilatator fossa shallow and partially roofed by a very

thin ledge of the pterotic and autosphenotic ; neurocranium deep, with the maximum
depth at the level of the autosphenotic

;
parasphenoid bent beneath the level of
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Promegalops sheppeyensis Casier. Neurocranium in dorsal view.

From holotype.

the ascending wings ; the quadrate/mandibular articulation lies beneath the middle

of the orbit (only known in P. signeuxae) ; lower jaw protrudes beyond the pre-

maxilla (only known in P. signeuxae) ; operculum exhibits an antero-dorsal indenta-

tion (only known in P. signeuxae)

.

In all these respects Promegalops is more advanced than Protarpon, and is inter-

mediate between Protarpon and Megalops.

Promegalops differs from Tarpon in the deep neurocranium, the angled parasphe-

noid and the general proportions of the otic region of the neurocranium. Such
features are found in Megalops and are considered to be advanced. Despite the

close similarity between Promegalops and Recent Megalopidae (in particular Mega-
lops) there are certain features of the Eocene species which may be considered primi-

tive or diagnostic. Primitive features include the shallow lower jaw, with a low,

6
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Fig. 42. Promegalops sheppeyenis Casier. Neurocranium in posterior view.

From holotype.

posteriorly placed coronoid process, and the unexpanded post-temporal. Diag-

nostic features include the wide frontals, small nasals, and the presence of a large

foramen (or foramina in P. sheppeyensis) at the base of the dilatator fossa.

In short, Promegalops probably evolved from a form resembling Protarpon and

could be ancestral to Megalops, from which it is known to differ only in the wide

frontals, partially roofed dilatator fossa, the single depression in the otic region

receiving the swimbladder diverticulum, the unexpanded post-temporal and the

shallow lower jaw.

Genus ELOPOIDES Wenz, 1965

Diagnosis (emended). Megalopid fish in which the head is almost as deep as

long. Neurocranial roof moderately convex above the otic region. Parietals

slightly broader than long. Dermal cranial bones coarsely ornamented with rugae.

Orbit large, the diameter exceeding the preorbital distance. Maxilla extending

behind the eye. Depth of the operculum exceeding twice its maximum width.

Scales large, with seven to eight anterior (basal) radii.

Type and only species. Elopoides tomassoni Wenz.
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Elopoides tomassoni Wenz

1965 Elopoides tomassoni Wenz : 4, text-figs. 1, 2, pi. i, figs. A-E.

Diagnosis. As for genus, only species.

Holotype. M.H.N. P. 1961-14-1 from the Upper Albian of Vallentigny, France.

Remarks. No material was examined, but the illustrations given by Wenz
(1965 : pi. 1, figs A-E) are adequate for the assessment of the systematic position

of this species. Wenz described the anatomy and included Elopoides in the

famiry Elopidae (sensu Woodward, 1901), indicating that Elopoides approached

Holcolepis (
= Osmeroides) lewesiensis. The similarities between these two genera

noticed by Wenz include the relative proportions of the head and body, the posi-

tion of the fins, number of vertebrae, position of the quadrate/mandibular articula-

tion, the dentition and the absence of enlarged scales at the bases of the paired fins.

With the exception of the last these features are also found in other elopoids included

by Woodward (1901) in his family Elopidae, and are of doubtful significance in

establishing relationship.

Elopoides differs considerably from Osmeroides lewesiensis. Wenz (1965 : 12)

indicated the following differences : the cranium of Elopoides is short and the dorsal

profile is steeply inclined, the orbit is large and the preorbital distance is short ; the

quadrate/mandibular articulation is situated at the posterior margin of the orbit,

and the shape of the dentary is different ; the preoperculum is of different shape
;

and the pelvic fins are nearer to the pectorals than in Osmeroides lewesiensis. To
these differences may be added the shape of the neurocranial roof, the infraorbital

series and the opercular apparatus. The numerous differences suggest that Elopoides

should be removed from association with 0. lewesiensis.

Several of the features in which Elopoides differs from 0. lewesiensis are points of

similarity with megalopids. Thus the cranium is relatively short with respect to

the depth. The head of Elopoides is in fact relatively deeper than any other mega-
lopid. The otic region of the skull roof is comparatively short and exhibits a moderate

convexity, both features seen in Recent megalopids. The greatest width of the

cranial roof occurs at the occiput, as in Tarpon, whilst the well-developed epiotic

process is a typical megalopid feature. The parietals are relatively large and nearly

square, resembling the Eocene megalopids and the Recent Megalops (Tarpon is

specialized in possessing elongate parietals). The coarse ornamentation seen upon

the dermal bones of Elopoides is an unusual feature among megalopids, but is seen in

restricted areas in Protarpon prisons. The very large pores opening to the supra-

orbital sensory canal are only found elsewhere among Elopoidei in young specimens

of Elops and Megalops.

The dermal jaws show megalopid features in the deep maxilla with a strongly

convex oral border, the large supramaxillae, and the flattened head of the maxilla

immediately behind which there is a dome-shaped protuberance, which in Recent

megalopids articulates with the palatine medially and the first infraorbital laterally.

The mandible, as in megalopids, exhibits a deep coronoid process and a well-developed
' retroarticular process ' fitting into a shallow depression developed on the quadrate
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behind the articulatory condyle. The symphysis of the lower jaw is shallow as in

the Eocene Protarpon and Promegalops and is unlike the deepened symphysis of

Recent megalopids. The lower jaw of Elopoides does not protrude beyond the upper

jaw. Wenz describes and figures an area of very small teeth on the lateral surface

of the dentary. In this respect Elopoides is very unusual, not only among mega-

lopids but also among teleosts in general. It may be that this tooth patch represents

a detached tooth plate.

In the opercular apparatus, there is both similarity with, and difference from

other megalopids. The preoperculum is similar in showing very little curvature and

no ventro-posterior expansion. The operculum, however, is unusual in being con-

siderably deeper than wide, imparting a narrow appearance to the opercular series

as a whole.

Very little is known of the pectoral girdle and thus comparison is difficult. The
post-temporal, however, appears to be a wide, plate-like bone as in most other

megalopids. The scales are large, deeply overlapping and marked by fine circuli

with ornamentation in the form of fine tubercules confined to the exposed field,

adjacent to a centrally placed nucleus. This form of scale is characteristic of the

Megalopidae.

The above facts suggest that Elopoides be placed in the Megalopidae, differing

from these fishes only in the shape of the operculum. In cranial proportions, rela-

tive orbital size and scale morphology Elopoides is more reminiscent of Megalops

than Tarpon.

Genus SEDENHORSTIA White & Moy-Thomas, 1940

1863 Microcoelia Marck : 48, non Guenee 1852 (Lepidoptera).

1940 Sedenhovstia White & Moy-Thomas : 396.

Diagnosis (emended). Megalopid fishes in which the neurocranial roof is slightly

convex. Dilatator fossa broad, shallow and without a roof. Maximum depth of

the neurocranium at the occiput. Upper and lower jaws with a single row of small,

pointed teeth. Mandible shallow, with a weakly defined, posteriorly situated coro-

noid process. Small, hook-shaped ossifications lying in the mid-dorsal line between
occiput and origin of the dorsal fin. Scales small, with four to five anterior radii.

Exposed field marked by fine granulations arranged in radiating lines.

Type-species. Microcoelia granulate Marck from the Campanian of Sendenhorst,

Westphalia, Germany.

Material. The following specimens in the B.M.N.H. were examined. Seden-

horstia dayi (Hay) as represented by P.13885, P.13893, P.47513, P.47920-21 (part

and counterpart), P.13886, all from the Middle Cenomanian of Hajula, Lebanon.
The last-mentioned specimen had been prepared in acetic acid. Sedenhorstia sp.

represented by P.9985 from the Middle Cenomian of Hajula. Sedenhorstia orientalis

Goody, represented by the holotype P.9983, an acid-prepared specimen from the

Middle Cenomanian of Hajula. Sedenhorstia libanica (Woodward) represented by
P.4865 from the Middle Cenomanian of Hakel, Lebanon.
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Remarks. The genus Sedenhorstia contains four species. 5. granulata (Marck)

from the Campanian of Sendenhorst, S. libanica (Woodward) from the Middle Ceno-

manian of Hakel, Lebanon, and S. dayi (Hay) and S. orientalis Goody, both from
the Middle Cenomanian of Hajula, Lebanon.

The Lebanese species are the best known and have been the subject of a study by
Goody (1969a) who removed the genus from the Scopelidae (sensu Woodward 1901)

to the suborder Elopoidei. Goody (1969a) described S. dayi in some detail and
indicated many similarities with Recent Elops and Megalops, although no indication

was given as to which of these Recent forms it was more nearly related. Goody
(1969a) suggested that the genus be placed in a monotypic family, the Sedenhorstii-

dae, based upon the presence of ossifications within the dorsal median ligament

between the occiput and the origin of the dorsal fin. The establishment of a separate

family, equal in status to the Megalopidae and Elopidae, seems unjustified on this

basis alone, particularly as calcification within the dorsal ligament is not unique to

Sedenhorstia (Goody 1969a : 20-21). A survey of the characteristics of Sedenhorstia

indicates affinity with the Megalopidae and it is suggested that the genus be placed

in this family. The salient points are discussed below.

The general body form of Sedenhorstia resembles that of the Recent megalopids

rather than elopids ; the cranium is moderately deep with respect to its length, the

orbit is large and the mouth is almost superior. The body was probably slightly

compressed, as evidenced by the straight pleural ribs which nearly encircle the

abdominal cavity. In megalopids the body is also compressed while in the Elopidae

it is rounded. The vertebral column is composed of approximately 50 vertebrae of

which 25 are caudal and is similar to Tarpon in which there are 53-57 vertebrae of

which 20-24 are caudal. Megalops exhibits a higher count (c. 68) and is thus like

Elops species in which the count varies from c. 63 in E. machnata to c. 80 in E. saurus.

The dorsal fin is situated more posteriorly than in Elops or the megalopids and is

composed of more rays (23). In this respect Sedenhorstia is distinctive. The anal

fin, however, is decidedly megalopid in being long and composed of at least 22 rays.

The first anal pterygiophore is also similar to Megalops and Tarpon, exhibiting a close

approximation with the vertebral column. The typical megalopid feature of an

elongate terminal dorsal and anal lepidotrich is not seen in Sedenhorstia. The origin

of the pelvic fin in Sedenhorstia occurs anterior to the level of the dorsal fin origin

(in S. orientalis the pelvic and dorsal origin are at the same level), and is thus similar

to Tarpon.

The caudal skeleton is of the basic elopoid (or leptolepid) type. In possessing a

half spine upon the second preural centrum Sedenhorstia is primitive (Patterson

1968b) and resembles Elops rather than Megalops or Tarpon, but some specimens of

Megalops do show a half spine and perhaps little significance can be attached to this

feature in this instance. The base of the first uroneural is unforked and no urodermal

has been found, conditions which are unlike Elops but in accordance with mega-

lopids. A typical megalopid feature of Sedenhorstia is the retention of fringing fulcra

on the upper margin of the caudal fin. S. dayi possesses three such elements while

there are five in S. libanica. In the number of fringing fulcra Sedenhorstia therefore

resembles Megalops rather than Tarpon in which there are rarely more than two.
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The neural arches of the first ural and first preural centra are fused in Sedenhorstia,

producing a single median expansion which Goody (1969a : 19) suggested may be the

forerunner of a stegural. Megalopids and Elops always show distinct neural arches

on these two centra, but in older specimens of the Recent genera there is only a

slight indication of their individuality. It would therefore seem that the con-

solidation in Sedenhorstia is of minor significance.

In the cranium there is a general resemblance to megalopids. The skull is

relatively deep with the quadrate/mandibular articulation beneath the orbit. S.

orientalis is unusual among the Sedenhorstia species in that the lower jaw articulation

occurs immediately behind the orbit. In this respect this species shows an inter-

mediate condition between Tarpon and Elops. The orbit of Sedenhorstia is rela-

tively large and the long basisphenoid pedicel in S. dayi suggests a deep myodome, as

in Megalops. The otic region of the neurocranium is relatively short, as in Megalops,

and the skull roof in this region exhibits a certain convexity suggesting large post-

temporal fossae. Recent megalopids show an open dilatator fossa which is deep in

the dorso-ventral plane. Such a fossa, also seen in Sedenhorstia, differs from the

shallow, roofed fossa in Elops. The Eocene megalopids more nearly resemble Elops

in this respect.

The parasphenoid of Sedenhorstia appears to be edentulous. If teeth were present

they must have been very small and restricted to the mid-line beneath the basi-

sphenoid pedicel. A nearly edentulous parasphenoid is found in megalopids, but

not in Elops.

The upper jaw shows a marked convexity along the oral border and is relatively

deep, with two very large supramaxillae. Anteriorly the maxillary head shows a

simple ethmoid projection immediately behind which there is a rounded process

articulating with the palatine. In all these features there is a close agreement with

the megalopids. A further megalopid feature of the upper jaw is the extension of

the premaxilla beyond the dermethmoid. The maxilla of S. orientalis resembles

that of Elops in its length, extending well behind the orbit. The lower jaw is similar

to Elops, Protarpon and Promegalops in remaining moderately shallow throughout

its length, with an ill-defined coronoid process. The Recent megalopids have a

prominent coronoid process, which is elongated antero-posteriorly. The teeth on

the dermal jaws are unusual among elopoids in being pointed and set in a single row.

The circumorbital bones are relatively narrow and the fifth tapers dorsally, as in

megalopids. The fifth infraorbital is rectangular in Elops. The first infraorbital

shows a gently rounded dorsal margin, as in megalopids. In Elops the first infra-

orbital turns upwards to lie alongside the supraorbital. The number of infra-

orbitals is constant throughout the elopids and megalopids. Goody (1969a : fig. 1)

shows six infraorbitals (one more than is usual) in S. dayi but this appears to be an
error.

In the opercular series the preoperculum is narrow with the dorsal limb inclined

antero-ventrally (or vertically in S. orientalis), as in megalopids. The preopercular

sensory canal opens to the surface by a series of large pores. In Elops the upper
preopercular limb is inclined postero-ventrally and the sensory canal opens by a

series of short secondary branches, each with a terminal pore.
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The scales are relatively small, unlike those of megalopids, and are thin and
cycloid. The presence of bone cells has not yet been demonstrated. The anterior

field is marked by 4-5 radii resulting in 3-4 scallops along the anterior margin.

Tarpon usually exhibits 4 radii, while Megalops shows about 6. Elops and Davich-

thys scales show at least 11 radii. The ornamentation of the exposed field is like the

Eocene megalopids in showing a fine granulation composed of minute tubercles.

A point of distinction is that the granulations in Sedenhorstia appear to be arranged

in radiating lines. The exposed surface of elopid scales is unornamented except for

the area immediately adjacent to the nucleus.

It is regrettable that the ethmoid and intercalar of Sedenhorstia are not well known,
for it is in these areas that the megalopids are most clearly characterized. Never-

theless, the features referred to above serve to establish that Sedenhorstia exhibited

a morphology comparable with that of the Megalopidae. Features of the dentition

and perhaps the peculiar ossifications in the dorsal ligament divorce Sedenhorstia

from the main megalopid line, but its close alliance with this lineage seems certain.

The phylogenetic position of Sedenhorstia is further analysed in the general dis-

cussion of the Megalopidae (p. 201).

Genus PACHYTHRISSOPS Woodward, 1919

? 1914 Parathrissops Eastman : 423 (name preoccupied : Parathrissops Sauvage, 1891 : 37).

1 919 Pachythrissops Woodward : 128.

Diagnosis. See Woodward (1919).

Remarks. The genus is briefly discussed following a proposal by Nybelin (1964)

that at least one of the contained species shows a resemblance to Megalops.

The genus Pachythrissops is known from three species. The type-species, P.

laevis Woodward, is from the Upper Portlandian of Dorset, England ; P. vectensis

Woodward is from the Weald Clay (?L. Aptian) of the Isle of Wight, England, and

P. propterus (Wagner) is from the Kimmeridgian of Solenhofen, Germany. Question-

ably, the so-called Parathrissops furcatus Eastman is also placed in this genus.

Several complete specimens of the type-species were examined together with two

specimens of P. vectensis and one specimen (B.M. N.H. 37056) which is probably

a young individual of P. propterus.

Discussion. During a revision of the genus Thrissops Agassiz, Nybelin (1964)

briefly described P. propterus and suggested that it was only remotely related to

Thrissops and Allothrissops. The latter genera are considered to be related to the

Ichthyodectidae. Furthermore, Nybelin tentatively proposed that P. propterus

may be an ancestor of Megalops, quoting similarities in premaxillary dentition,

caudal fin fulcra and other unspecified characters.

Bardack (1965) included Pachythrissops (recognizing the type-species as P.

propterus) in the family Chirocentridae (sensu Saint-Seine 1949) and endorsed

Nybelin's views, quoting the presence of a gular plate in P. propterus as further

evidence for separating this species from Allothrissops and Thrissops. Bardack
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(1965 : 34) also stated that P. propterus is genetically distinct from the English

species. In support of this statement Bardack refers to five points of dissimilarity

between the English and Solenhofen species : the proportions of the body ; structure

of the neurocranium ; form of the dentition ; number of vertebrae and the relative

positions of dorsal and anal fins. I have been unable to examine ' typical ' specimens

of P. propterus but the description and figures given by Nybelin (1964) are sufficient

to invalidate the above points. Firstly, the body proportions are very similar in

both the English and Solenhofen species and differ somewhat from Thrissops and
Allothrissops. The head length of all Pachythrissops species is contained approxi-

mately four times in the standard length and thus differs from the contemporaneous
' chirocentrids ' in which the head length never exceeds one-fifth of the standard

length. In the body depth there is virtually no difference between P. laevis and P.

propterus whereas P. vectensis appears slightly more slender. The relative depth of

the cranium is also similar in all the species of Pachythrissops.

The unspecified differences in neurocranial structure mentioned by Bardack

(1965 : 34) are equally difficult to understand. The degree of ' similarity or differ-

ence ' in neurocranial structure may be taken at various levels depending on how
well the neurocrania are known. None of the Pachythrissops species is well known
and in consequence comparison must be at a superficial level. In as much as the

English and Solenhofen species show shallow neurocrania with a flat roof and a

straight, edentulous parasphenoid, with a weak development of the lateral ethmoid

region, there is a degree of resemblance. Such resemblances are of a primitive nature

with the exception of the weakly developed lateral ethmoid, and are found in other

contemporaneous teleosts.

The number of vertebrae is similar in P. laevis and P. propterus ; the count for

P. vectensis is unknown. P. laevis shows 53-56 vertebrae of which approximately

22 are caudal. According to Nybelin (1964 : 34) P. propterus has 50-54 vertebrae

(24-25 caudal).

The differences in the relative positions of dorsal and anal fins (Bardack 1965)

appear to be erroneous. In both P. laevis and P. propterus the fins are posteriorly

placed and the dorsal fin originates slightly anterior to the anal fin. The slight

difference in the position of the dorsal fin in these two species is of minor importance

since it is often subject to specific and even ontogenetic variation.

Further points of similarity between the English and Solenhofen species are seen

in the jaws. The premaxilla forms nearly one-third of the oral margin of the jaw.

The dentary exhibits an inflected ventral margin and the oral margin rises steeply to

produce an elongate coronoid process (this feature is seen in several other contem-

poraneous teleosts, e.g. Allothrissops and Leptolepis). The dentition is represented

by a band of small teeth upon the premaxilla, maxilla and dentary. Those of the

dentary become slightly larger at the symphysis. Saint-Seine (1949) attributed

large toothed forms to Pachythrissops and concluded that this genus was carnivorous.

It is probable that the specimens he attributed to Pachythrissops were in fact

Thrissops formosus.

The above brief notes suggest that there is, at present, no basis for separating

Pachythrissops propterus from the English species.
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Fig. 44. Pachythrissops laevis Woodward. Cranium in left lateral view. Composite
of several B.M.N.H. specimens.

The systematic position of Pachythrissops presents many problems, which stem

from the extreme primitiveness of this form (a phenomenon not unknown in this

work). An association of Pachythrissops with Allothrissops and Thrissops seems

unlikely and the suggestion that Pachythrissops is a stem ichthyodectid (Saint-

Seine 1949) is untenable.

Some of the characters which unite Allothrissops and Thrissops with one another

and with the ichthyodectids include the following :

i. Body form elongate with a small, deep head and an elongate anal fin

originating anterior to a short-based dorsal fin.

ii. Pectoral fin with the outer rays somewhat enlarged and flattened.

iii. Vertebrae marked with a prominent longitudinal strut.

iv. Apparent lack of epipleural intermuscular bones,

v. Dentition in the form of a single row of small (Allothrissops) or prominent

conical teeth (Thrissops).

vi. The preopercular sensory canal with many long branches extending postero-

ventrally in the ventral half of the bone. Although the individual branches

may not be seen in the Cretaceous ichthyodectids there is a series of many
pores near the ventral margin of the preoperculum indicating that there are

long branches from the main preopercular sensory canal,

vii. A stout basipterygoid process ; this is a retained character.
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viii. The caudal skeleton contains a series of strap-shaped uroneurals (see below),

and in the Cretaceous ichthyodectids further specializations occur in the shape

of the hypurals and the posterior neural and haemal spines (Cavender 1966).

In features i-v Pachythrissops is more primitive than Allothrissops and Thrissops

and therefore may not be separated from them on these features. However, the

last three features indicate that Pachythrissops is more advanced than Thrissops

and Allothrissops. The absence of a basipterygoid process in Pachythrissops is not

definitely established, due to imperfections in preservation, but the several neuro-

crania of P. laevis examined show no evidence of such a process. The preoperculum
of Pachythrissops differs from Allothrissops and Thrissops in lacking the distinctive

projection at the postero-ventral angle and the preopercular sensory canal opens

to the surface by two or three very short branches situated at the angle of the bone.

Both of these features are common to many lower teleosts and would not invalidate

the derivation of Pachythrissops from a form like Allothrissops as implied by Bardack

(1965: fig. 3).

The caudal skeleton, however, makes it almost impossible to ally Pachythrissops

with Allothrissops and Thrissops. Pachythrissops laevis shows four elongate

uroneurals and a series of about three smaller elements situated posteriorly. Nybelin

(1971) described the caudal skeleton of P. propterus and it agrees with P. laevis.

In both, there is a full-length neural spine on the second pre-ural centrum and
four elongate uroneurals. The first uroneural is short and there is a large gap
between the second and third hypurals. Such an arrangement cannot have given

rise to that of Allothrissops, etc., and it is highly unlikely that it was derived from the

latter. To justify this statement a broader view of the teleost uroneural series is

necessary.

Patterson (1968a) formulated the evolution of the teleost caudal skeleton from the

pholidophorid type and described the anatomy of the tail of Leptolepis coryphaenoides

from the Upper Lias, which may be taken as representing the most primitive teleost

stage. The definition of a teleost proposed by Patterson (1968a) is accepted and
would thus include Leptolepis but exclude Pholidophorus. The uroneurals of L.

coryphaenoides consist of a graded series of six (sometimes seven, Patterson 1968a :

fig. 9c) elements, the anterior member of this series extending lateral to the second

or third preural centrum.

In the upper Jurassic Leptolepis dubia the uroneurals may be divided into two dis-

tinct series. The anterior series consists of four strap-shaped elements and these

are succeeded by three short uroneurals, the anterior one of which lies lateral to the

fourth member of the anterior series. This uroneural arrangement is very charac-

teristic and may be traced through to Elops. To attain the Elops grade, a fusion

of the first with the second, and the third with the fourth uroneurals has to be
postulated. There is both circumstantial and direct evidence for this having hap-

pened (Patterson 1968a : 226). The third uroneural of Elops corresponds to the

fifth of Leptolepis dubia. The L. dubia type of uroneural disposition is probably

basic not only for elopoids, but probably for Clupeomorpha and Protacanthopterygii

as well, since the two uroneural series are present in the basal members of these

groups.
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Fig. 45. Pachythrissops laevis Woodward. Caudal skeleton in left lateral view,

on B.M.N.H. 40333 (holotype) and P.29392.

Based

Allothrissops and Thrissops, however, have retained the Leptolepis coryphaenoides

type. Instead of the fifth uroneural remaining short, this and succeeding uroneurals

extend basally to lie lateral to the preural and ural centra. Concomitant with this

development the anterior uroneurals tend to extend forward and in the Cretaceous

ichthyodectids, which also show at least five elongate uroneurals, the anterior

members of the series extend as far forwards as the fourth preural centrum. The
development of this unique uroneural arrangement is probably correlated with

greater rigidity in the tail. The body form of the ichthyodectids suggests fast

swimming fishes. The caudal fin is very deeply forked with the caudal fin-rays

crossing the hypurals at a steep angle and those of the upper lobe lying in line with

the uroneurals. In the Cretaceous ichthyodectids, and to a lesser degree in Allo-

thrissops and Thrissops, various degrees of hypurostegy are shown. Hypurostegy

is by no means confined to the ichthyodectids but is found in several groups of higher

teleosts, e.g. Scombridae, yet the combination of this feature with the uroneural

development is unique.

The caudal skeleton of Pachythrissops is virtually identical with that of Leptolepis

dubia in showing two distinct series of uroneurals, the anterior group consisting of

four uroneurals and the posterior of three. To derive an Allothrissops- and Thrissops-

like caudal skeleton from the Pachythrissops type a simplification of the uroneural
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series would have first to take place, a view with little to recommend it. Alter-

natively, the evolution of the Pachythrissops-type from Allothrissops would imply

that the evolution of two sets of uroneurals occurred twice, independently and at the

same time. This latter view also seems untenable. Thus Pachythrissops, on caudal

fin anatomy alone, would appear distinct from the Allothrissops-Thrissops-ich.th.yo-

dectid lineage.

Removal of Pachythrissops from association with Allothrissops and Thrissops

creates the vexatious problem of the true affinity of the genus. The resemblances

between P. propterus and Megalops mentioned by Nybelin (1964) may also be extended

to include the English species. Thus the premaxilla bears a band of fine teeth and

there are fulcra present on the upper caudal lobe. Other similarities may be found

in the lower jaw, where the oral border is concave and is produced to form an elongate

coronoid process. Certain resemblances may be seen in the hyopalatine series. The
hyomandibular and metapterygoid are similar in shape to those of the Megalopidae

and a prominent metapterygoid-endopterygoid ridge is present in the Recent mega-

lopids and Pachythrissops. The condyle of the quadrate is succeeded by a shallow

but well-marked cup which acts as a stop in the downward movement of the lower

jaw.

The posterior face of the neurocranium, known only in P. vectensis, exhibits an
overall similarity with Tarpon. Thus the cranium is deep relative to its width,

the openings to the post-temporal fossae are large and the epiotic processes well

developed. In the Eocene and Recent megalopids the first vertebra is incorporated

with the neurocranium, the exoccipitals and basioccipital forming a tripartite

surface for it. In Pachythrissops the first vertebra is distinct and the condyle is

formed solely by the vertebra-like expansion of the basioccipital, as in Albula,

Pterothrissus and many other 'isospondyls'. In the skull roof certain features agree

with Tarpon ; the sphenotic spines are prominent and knob-like at their extremities,

the parietals are longer than broad, and the dilatator fossa appears virtually open

with only a narrow shelf of bone forming a roof. Conversely, there are several

differences in the proportions. The skull roof of Pachythrissops is narrow, the parie-

tals are ornamented posteriorly and several prominent ridges run longitudinally.

The parasphenoid shows the same form as in Tarpon, and, as far as can be seen,

is edentulous in contrast to the toothed vomer anteriorly.

A single specimen of Pachythrissops laevis shows gill-rakers and scattered tooth

plates which have become detached from the branchial arch elements. In both

features a resemblance is noted with the megalopids.

All these similarities are in primitive features and of little use as evidence of

natural relationship. An undisputed megalopid feature is the modification of the

intercalar. The intercalar is unmodified in Pachythrissops, yet this does not preclude

close phylogenetic relationship since it is postulated here that intercalar modification

was a relatively late (Eocene) development. As is so often the case one is forced to

rely on general appearance, and there is some agreement in superficial features.

Thus, Pachythrissops is tentatively placed in the Megalopidae but excluded from
discussion pending more complete knowledge, not only of the genus itself, but also

of contemporary teleosts.
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Suborder ALBULOIDEI Greenwood et al., 1966

Diagnosis. Elopiform fishes in which the cranium is shallow and broad at the

occiput. Sensory canals developed as a cavernous system, incompletely covered

by bone. Ethmoid commissure complete or, more usually, incomplete. Post-

temporal fossa small, directed antero-medially. Sub-epiotic fossa well developed.

Dilatator fossa narrow, always with a roof. Autosphenotic spine and epiotic process

weakly developed. Intercalar small, prootic-intercalar bridge absent. Bulla

containing the sacculith large. Otophysic connection absent. Lateral ethmoid

in contact with the parasphenoid. Ectopterygoid process well developed. Quad-
rate/mandibular articulation beneath orbit or lateral ethmoid. Premaxilla forming

at least one-third of the upper jaw margin. Mandible with prominent coronoid

process, shallow symphysis and a strongly inflected ventral margin. Supratemporal

small, not meeting its partner in the mid-line. Caudal skeleton with six hypurals.

Scales with dense covering of tubercles in the anterior field.

Family OSMEROIDIDAE nov.

Diagnosis. Albuloid fishes in which the snout is not elongated ; the mouth is

terminal and the ethmoid commissure is complete. Supraorbital sensory canal

with a branch running into the parietal. Sub-epiotic fossae demarcated medially

by a pronounced ridge. First vertebral centrum incorporated in the neurocranium.

Parasphenoid, vomer, dermopalatine, endopterygoid and ectopterygoid with a

dense covering of small villiform teeth. Basibranchial and basihyal plates with

similar teeth. Supraorbital large. Posterior infraorbitals broad, completely

covering the cheek region. Premaxilla without contained sensory canal (in those

forms in which the premaxilla is known) . Premaxilla and maxilla moving together,

both elements bearing a band of villiform teeth. Two supramaxillae. Mandible

with coronoid process situated posteriorly ; articular and endosteal articular ossified

separately. Branchiostegals more than 14 in number. Gular plate large. Dorsal

and anal fins short-based. Caudal skeleton in which the second preural neural arch

bears a half length neural spine. Three uroneurals. Inner caudal rays of each

lobe with expanded bases which overlap the hypurals. Caudal scute present both

above and below peduncle.

Genus OSMEROIDES Agassiz, 1837

1837 Osmeroides Agassiz : 5, pis. 60b, c.

1863 Rhabdolepis Marck : 26.

1868 Holcolepis Marck : 278 (in part).

Diagnosis. Dermal bones of the cranium stout and heavy, the flat cranial roof

with a large dermethmoid. Neurocranium with deep dilatator fossa roofed by ptero-

tic ; intercalar reduced to a knob-like protuberance. Parasphenoid stout, connect-

ing (sometimes by suture) with the lateral ethmoid, and, like the pterygoid bones,

bearing a large patch of small, villiform teeth set in shallow sockets. Jaw articula-

tion beneath the middle of the orbit. Upper jaw with premaxilla forming about
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half of the functional oral margin. Supratemporal small and triangular, lying behind

the pterotic. Caudal fin with no gap between the second and third hypurals.

Body covered by moderately large scales. Scales at the bases of the fins unmodified.

Type-species. Sal-mo lewesiensis Mantell.

Remarks. Arambourg (1954) maintained that the correct generic name for this

form should be Holcolepis. In this he has been followed by Wenz (1965). Aram-
bourg stated that Osmeroides should be used for the myctophiform fish Sardinioides

Marck. Goody (1969b) rightly states that the first usage of Osmeroides in a binomen
was for Osmeroides lewesiensis (Agassiz 1837 : 5, pis. 60b, c) and this precedes the

first usage of both Holcolepis (Marck 1868 : 278) and Sardinioides (Marck 1858).

Osmeroides lewesiensis (Mantell)

(Text-figs. 46-53)

1822 Salmo lewesiensis Mantell : 235, pi. 33, fig. 12, pi. 34, fig. 3, pi. 40, fig. 1.

1837 Osmeroides lewesiensis (Mantell) Agassiz : 5 ; pt 1, p. 14, pt 2, p. 105, pi. 60b figs. 1, 2,

5, 6, 7 (not figs. 3, 4), pi. 60c.

1838 Osmeroides mantelli Mantell : 307, fig. 1.

1878 Osmeroides lewesiensis (Mantell)

1885 Osmeroides lewesiensis (Mantell)

1888 Osmeroides lewesiensis (Mantell)

1895 Osmeroides lewesiensis (Mantell)

190

1

Osmeroides lewesiensis (Mantell)

1964 Osmeroides lewesiensis (Mantell)

Fritsch : 32, pi. 7, figs. 5, 6, pi. 8, fig. 1.

Laube : 292, pi. 2, figs. 2, 3 and woodcut.
Woodward : 322.

Woodward : 656, pi. 42.

Woodward : n, fig. 2.

Danil'chenko : 398, fig. 104.

Diagnosis (emended). Osmeroides attaining 500 mm S.L. Length of cranium

equal to twice the maximum width. Parietals longer than broad. Dermal
skull bones showing prominent ornamentation in the form of coarse radiating

rugae. Large supraorbital firmly united with the frontal. Parasphenoid extending

to the rear of the neurocranium. Complete, ossified interorbital septum. Mandi-

bular articulation at mid-orbital level. Branchiostegal rays 18-21 in number,
the upper members of the series showing coarse ornamentation. Dorsal fin with

18-20 rays, arising midway between snout and caudal peduncle. Vertebrae as

long as deep, marked by irregular longitudinal ridges. Caudal skeleton with four

uroneurals and three epurals. Scales large, the posterior field with faint tubercles

arranged in radiating rows, anterior field showing about five prominent radii.

15-17 scales in the transverse series immediately anterior to the dorsal fin.

Holotype. B.M.N.H. 4294, a specimen showing the head and abdominal region

from the Upper Cenomanian (Holaster subglobosus zone) of Lewes, Sussex, England.

Material. Twenty-five specimens in the B.M.N.H. were examined. B.M.N.H.
P.6456 was prepared in acetic acid and B.M.N.H. 49894 was prepared mechanically.

Specimens come from Upper Albian-Coniacian of S.E. England. The Upper
Albian record is based on a very imperfect specimen (B.M.N.H. P.8949) from the

Gault Clay at Folkestone, Kent. The opercular bones of this specimen are less

ornamented than the Chalk specimens but otherwise there is close agreement.



96 ELOPIFORM FISHES

Description. The description of the neurocranium is based mainly upon the

acid prepared specimen. Several points were checked against a similarly prepared

specimen of 0. levis Woodward, B.M.N.H. P.36240. The differences between these

two species are noted in the remarks on 0. levis.

The head plus opercular apparatus is equal to 25 per cent of the standard length.

The maximum depth of the head occurs at the level of the quadrate/mandibular

articulation and is equal to 60 per cent of the head length. The diameter of the orbit

is slightly less than the preorbital distance and represents 20 per cent of the head
length. The bones of the cranium are thick and the dermal elements are coarsely

ornamented.

Neurocranium. The neurocranium is long and shallow, with the cranial vault

occupying the posterior third of its length. The greatest width occurs at the

occiput and is equal to 50 per cent of the total neurocranial length. In lateral

profile the roof is comparatively straight.

Anteriorly the roof of the cranium is formed by a large dermethmoid which,

unlike the other roofing bones, is unornamented and smooth. The anterior portion

of the dermethmoid is diamond-shaped, with the two antero-lateral margins in close

juxtaposition with the premaxillae. In some specimens there are two to four pores

aligned transversely across the anterior region of the dermethmoid. This line of

pores is interpreted as evidence of a bone-enclosed ethmoid commissure. Pos-

teriorly the dermethmoid extends backwards to the level of the lateral ethmoid and

is in syndesmotic union with the frontals, the suture line being ' W '-shaped.

Each frontal is narrow anteriorly but expands above the posterior third of the

orbit. Much of the cranial vault is roofed by the frontal which is in contact with the

parietal posteriorly and the pterotic posteriorly and laterally. The frontal of either

side is united with its partner by a sinuous suture, the meanderings of which increase

posteriorly. The path taken by the supraorbital sensory canal within the bone is

marked externally by a strong ridge running the length of the orbital section, but

posteriorly the ornamentation obscures it. Ornamentation on the frontal (as with

the other roofing bones) takes the form of irregular tubercles arranged in sinuous,

sometimes anastomosing lines, radiating from the centre of ossification. The
ornamentation becomes less conspicuous anteriorly.

The parietal, which joins its partner in the mid-line throughout its length, is

rectangular, with the shorter axis transverse. The posterior limit of the parietals

is such that the supraoccipital is excluded from the skull roof. Ornamentation is

similar to that on the posterior region of the frontal.

The pterotic has three external faces ; dorsal (horizontal), lateral and posterior

(both vertical). The dorsal face, which represents the dermal component, shows

heavy ornamentation. The roof of both the dilatator fossa and post-temporal fossa

is formed by this face. A line of pores running along the lateral edge of the dorsal

face marks the path of the otic division of the cephalic sensory canal system. Pos-

teriorly the sensory canal leaves the bone by a single large pore.

The lateral face of the pterotic forms the posterior two-thirds of the hyomandibular

facet, part of the inner wall of the dilatator fossa and the dorsal region of the sub-

temporal fossa. Medially this part of the pterotic forms the lateral wall and floor
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Fig. 46. Osmeroides lewesiensis (Mantell). Neurocranium in dorsal view. Composite
of several B.M.N.H. specimens.
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Fig. 47. Osmeroides lewesiensis (Mantell). Neurocranium in posterior view.

Based on B.M.N.H. P.6456.

of the post-temporal fossa. The horizontal semicircular canal within the pterotic

is indicated externally as an arch-shaped swelling immediately beneath the hyo-

mandibular facet.

In posterior view the pterotic is seen to form part of the roof and the entire lateral

border to the opening to the post-temporal fossa.

The epiotic forms part of the dorsal and the entire medial margin of the opening

of the post-temporal fossa. Internally the epiotic forms a small portion of the medial

wall of the fossa. Dorsally the epiotic is produced as a rounded process which re-

ceives the upper limb of the post-temporal. The posterior surface of the epiotic

is deeply excavated, the excavation being continuous with that on the exoccipital

and together forming a sub-epiotic fossa.

The supraoccipital is pentagonal in posterior view. Dorsally this bone separates

the epiotics while ventrally it partially separates the exoccipitals. There is a very

small supraoccipital crest. Internally the supraoccipital is continued forward as

two antero-lateral wings which form much of the medial wall of the post-temporal

fossa of either side.

The exoccipital meets its partner in the mid-line above and below the foramen

magnum. Adjacent to the foramen magnum the exoccipital is produced posteriorly

into a structure resembling a neural arch. The lateral face of the exoccipital forms

part of the subtemporal fossa, the ventral edge of which is defined by a weak ridge

on the exoccipital. Posteriorly, beneath the level of the intercalar, the exoccipital

is pierced by the large, posteriorly directed vagus foramen. Smaller foramina
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adjacent to the vagus foramen may mark the point of exit of blood vessels and

minor branches of the glossopharyngeal nerve. The main glossopharyngeal trunk

left the cranial cavity through a forwardly directed foramen in the exoccipital,

antero-ventral to the vagus foramen.

The intercalar forms a cap over the triradiate suture between the pterotic, epiotic

and exoccipital. The intercalar is small but is produced posteriorly as a prominent

knob for the attachment of the ventral limb of the post-temporal.

The basioccipital bears a facet on its posterior face which together with a facet

on each exoccipital provides an attachment area for the first centrum ; this latter

structure is functionally part of the neurocranium. Ventrally the basioccipital is

grooved, but much of this groove is overlain by the posterior part of the para-

sphenoid. In transverse section the basioccipital is ' W -shaped, the wings of the
'W ' enclosing the saccular recess of either side. The posterior region of the myodome
roof is formed by the basioccipital. Laterally the wall of the basioccipital, together

with adjacent regions of the exoccipital and prootic, is slightly inflated. This

inflation, developed to a greater degree in 0. levis, represents the lateral wall of the

otolith chamber.

The prootic is the largest component of the lateral neurocranial wall. As seen in

lateral view the bone is synchondrally united with the pterotic and autosphenotic

dorsally and the exoccipital and basioccipital posteriorly, and syndesmotically

joined with the parasphenoid ventrally. The anterior region of the subtemporal

fossa and hyomandibular facet is formed by the prootic. A faint ridge upon the

prootic continues that upon the exoccipital to form a ventral border to the sub-

temporal fossa. Beneath this ridge and close to the posterior margin of the prootic

is a large jugular foramen which leads anteriorly to the pars jugularis. Posterior

to the jugular foramen the path taken by the head vein is seen as a faint groove

beneath the prootic-exoccipital ridge. A large hyomandibular foramen is situated

antero-dorsally to the jugular foramen. A short canal links this foramen with the

pars jugularis. The orbital artery entered the antero-ventral corner of the prootic,

close to its union with the parasphenoid ascending wing, and passed upwards
to pierce the floor of the pars jugularis. The external surface of the prootic is marked
by a narrow ridge of bone running from above the orbital artery foramen to the level

of the pars jugularis. This ridge, which represents a site of branchial muscle origin,

is characteristic of many albuloids.

The anterior face of the prootic forms part of the posterior orbital wall. Dorsally

this face contacts the autosphenotic, medially the pterosphenoid and ventrally the

basisphenoid and parasphenoid. Two foramina pierce the anterior surface. The
larger and more lateral is the anterior opening of the pars jugularis. The smaller

foramen opens directly from the endocranial cavity and is the oculomotor foramen.

From the dorsal margin of the anterior opening of the pars jugularis there is a groove

running across the surface of the prootic and pterosphenoid. Within this groove

lay the superficial ophthalmic branches of V and VII.

The medial wall of the pars jugularis is pierced by two foramina. The posterior

of these is the facial foramen, and through this passed the hyomandibular trunk.

The otic, superficial ophthalmic and buccal branches left the cranial cavity through
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the trigeminal foramen. The latter foramen is situated anterior to the facial foramen

and separated from it by a narrow prefacial commissure. The absence of a separate

foramen for the profundus ciliaris leads one to suppose that it left the cranium with

the trigeminal trunk. The medial surface of the prootic is marked by two shallow

cups, adjacent to each of the foramina described above. These cups housed their

respective ganglia and they are the only evidence of a defined pars ganglionaris.

Beneath the level of the pars jugularis the prootics are produced medially as a

horizontal platform, the prootic bridge. The abducens nerve passed through the

prootic bridge to the myodome.
The autosphenotic is tetrahedral in shape, the apex directed laterally and somewhat

ventrally as a weakly developed autosphenotic spine. The otic ramus of VII

pierced the anterior face of the autosphenotic. The posterior face of this bone forms

the anterior wall of the deep dilatator fossa.

The pterosphenoid is of irregular shape. It contacts the basisphenoid ventrally

and excludes the prootic from the optic foramen. Of the two foramina piercing the

pterosphenoid beneath the superficial ophthalmic groove the anterior may be identi-

fied as having transmitted the trochlearis. The posterior is probably the point

where the anterior cerebral vein left the cranial cavity.

The basisphenoid, when viewed anteriorly, is ' Y ' shaped, the wings of the ' Y '

contacting the prootic and pterosphenoid while the stem passes antero-ventrally,

expanding in the sagittal plane as it does so. The ventral contact with the para-

sphenoid was probably by cartilage. From near the top of the basisphenoid stem

a short prong of bone on either side passes ventro-laterally towards the myodome
opening. The significance of this structure is unknown, but it appears to be part

of the basisphenoid. It is also found in Osmeroides levis, 0. latifrons and in Tarpon

(P- 50).

In the dorsal half of the orbit the orbitosphenoid contacts the frontals dorsally

and the pterosphenoids posteriorly. Although clearly paired dorsally, the orbito-

sphenoids unite ventrally where they pass into a completely ossified interorbital

septum. The septum contacts the parasphenoid ventrally and the basisphenoid

posteriorly. The olfactory tracts passed out of the orbitosphenoid anteriorly.

The lateral ethmoid forms the anterior wall of the orbit and the posterior and
outer wall of the nasal capsule. It is composed of transverse and lateral faces which

meet one another in a sharp ridge. This ridge is expanded laterally as a short spine.

Beneath the spine the lateral ethmoid is sutured with the expanded parasphenoid.

The transverse face of the lateral ethmoid meets the frontal dorsally. The un-

finished nature of the anterior margin of the lateral face suggests that the bone passed

into cartilage. Much of the ethmoid must have been cartilaginous, but a small area

of spongy bone lying above the anterior part of the vomer represents a restricted

mesethmoid.

»The parasphenoid is stout and extends below most of the neurocranium. Anteriorly

it widens in the region of the lateral ethmoid but posteriorly beneath the otic capsule

it becomes narrower. The ascending wings of the parasphenoid are weakly developed.

The internal carotid foramen is at the base of the ascending wing. Beneath the

orbit the parasphenoid bears a large tooth plate which bifurcates anteriorly. The
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Fig. 49. Osmeroides lewesiensis (Mantell). Neurocranium in ventral view.

Based on B.M.N.H. P.6456.
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Fig. 50. Osmeroides lewesiensis (Mantell). Hyopalatine bones, opercular series (stippled)

and mandible of the left side in medial view. Composite of several B.M.N.H. specimens.

plate bears numerous small villiform teeth of regular size. The vomer bears a large

tooth plate which is partially divided into lateral halves ; the teeth are similar to

those on the parasphenoid.

Hyopalatine bones. The hyopalatine bones are stout and firmly united to one

another, forming a rigid roof to the buccal cavity.

The hyomandibular is broad and articulates with the neurocranium by a large

head which is separable into swollen anterior and posterior regions. The lateral

surface is marked by two ridges which originate from the articulatory regions and
converge ventrally to form a single stout ridge running the length of the hyomandi-
bular shaft. The medial surface of the hyomandibular is marked by a prominent

groove which leads ventrally to a large foramen. This in turn leads to a canal

opening beneath the opercular process on the posterior edge. The groove, foramen
and canal mark the path of the hyomandibular trunk of VII and the efferent hyoidean

artery. Anteriorly the head of the hyomandibular is produced as a thin wing which

is partially covered ventrally by the metapterygoid.

The metapterygoid is large and irregularly shaped. Posteriorly and ventrally it

lies in the vertical plane but antero-dorsally it twists horizontally to lie in con-

tinuity with the endopterygoid. Contact with the quadrate was mediated by
cartilage, but with other bones union was syndesmotic. Dorsally, where it overlaps

the hyomandibular, a cup-shaped depression is formed which received part of the

levator arcus palatini muscle.

The quadrate is fan-shaped and has a deep ' V '-shaped notch which received the

pointed end of the symplectic. The anterior border of the quadrate is thin and fits
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into a groove along the posterior margin of the ectopterygoid. This latter element

is boomerang-shaped, with unequal limbs directed postero-ventrally and antero-

dorsally. The anterior tip of the ectopterygoid fits into a small recess on the pos-

terior aspect of the autopalatine. Small villiform and rounded teeth are borne along

the entire buccal surface of the ectopterygoid. The anterior teeth are comparable

in size to those on the parasphenoid, but posteriorly they become smaller.

The endopterygoid is large. Its convex buccal surface is covered with many small

teeth. Posteriorly it is overlapped by the metapterygoid, anteriorly it contacts the

autopalatine, while laterally it sutures with the ectopterygoid.

The autopalatine ends anteriorly in a transversely expanded condyle. This

condyle contacts a process upon the maxilla laterally and presumably lay against

the cartilaginous ethmoid medially. The dermopalatine is represented by a large

oval tooth plate which bears similar teeth to those on the endopterygoid and anterior

region of the ectopterygoid.

Dermal upper jaw. The upper jaw extends from the snout to the level of the

quadrate/mandibular articulation. The ventral margin is convex. All bones are

heavily ornamented with coarse rugae.

The premaxilla is tapered both anteriorly where it fits against the dermethmoid
and posteriorly where it fits into a notch on the lateral face of the maxillary head.

The premaxillae just meet in the mid-line, and form about 38 per cent of the upper

jaw border. A broad band of many small villiform teeth is present on the pre-

maxilla.

The maxilla ends anteriorly in a simple point where it lies against the ethmoid.

A little further back the dorsal surface is raised in a small knob which articulated

with the palatine head, probably through a biconcave sliver of cartilage, as in elopoids.

The posterior end of the maxilla becomes slightly deeper where it is partially overlain

by the supramaxillae. Teeth similar to those on the premaxilla occur along the

entire oral margin of the maxilla. There are two supramaxillae set in tandem. The
anterior supramaxilla is oval and overlain along much of its dorsal margin by a

projection of the posterior element.

Mandible. The mandible is slightly longer than the upper jaw. The greatest

depth of the mandible occurs at the coronoid process, situated at two-thirds of the

mandibular length from the symphysis. The dentary forms the anterior two-thirds

of the mandible. From the inturned symphysis the bone expands vertically and

bears a narrow horizontal ledge along the ventral margin. Beneath this ledge is a

line of 20-25 small pores set at regular intervals along the entire length of the dentary.

The mandibular sensory canal ran within the articular posteriorly and the dentary

anteriorly and communicated with the exterior via these pores. The posterior

margin of the dentary has the shape of a lazy ' V ', the apex directed towards the

symphysis. Medially the articular partially overlapped the dentary, there being

a gap between these elements, the Meckelian fossa, which received the anterior

extension of the Aw division of the adductor mandibulae. The oral surface of the

dentary bears a broad band of villiform teeth.

The articular forms the posterior half of the coronoid process and the extreme

outer edge of the articulatory cup. Ornamentation on the articular is confined to
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Fig. 51. Osmeroides lewesiensis (Mantell). Hyoid bar and branchiostegal rays of

left side in lateral view. From B.M.N.H. P. 5680.

the postero-lateral aspect. Upon the medial surface the articular bears a prominent

ledge which is continued for a short distance on the dentary. The dorsal surface

of this ledge is grooved and provided an attachment area for muscle fascia. In

0. levis there is a small sesamoid articular resting on the ledge of the articular ; such

an element was not seen in 0. lewesiensis, but this is probably due to imperfection

of the specimens. Much of the articulatory cup is formed by an endosteal articular

which extends forward as a narrow splint overlying the articular ledge.

Circumorbital series. There are eight circumorbitals of which one, the supra-

orbital, is anamestic. The supraorbital is a long, narrow bone which lies, for the

greater part of its length, in a narrow rebate on the frontal. The surface is orna-

mented in the same fashion as the frontal. The ventral end of the supraorbital

contacts the small triangular antorbital.

The first infraorbital (lachrymal) is large with a rounded anterior border. The
ventral margin overlaps the dorsal extent of the maxilla while dorsally there is a

small rounded projection. The second infraorbital expands posteriorly where it

meets the third in an oblique suture. The third, fourth and fifth infraorbitals are

all wider than deep. A dermosphenotic was not seen in 0. lewesiensis, but the gap
left between the last infraorbital and the frontal suggests that one was present.

No definite evidence of rostral ossicles could be found in any of the specimens

examined.

Hyoid arch, branchiostegals and gular plate. Both the anterior and posterior

ceratohyals are stout, the former being three times as long as the latter. The
posterior ceratohyal shows a notch postero-dorsally which received the ventral end
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of the interhyal. The anterior ceratohyal is somewhat constricted mid-way along

its length. Anteriorly the bone expands vertically and transversely. Of the two
hypohyals, the lower is slightly the larger. The afferent hyoidean artery ran through

both hypohyals and continued upon the lateral surface of the anterior ceratohyal

in a prominent groove.

About 20 branchiostegals (range 18-21) are borne by the ceratohyal. Of these

the first five or six (the first is taken as the upper or most posterior element) are

broad and inserted upon the posterior ceratohyal. The anterior rays are slender

and articulate with the outer face of the anterior ceratohyal. The gular plate is

large, equal in length to two-thirds of the total mandibular length.

Cephalic sensory canal system. The supraorbital, otic, mandibular and ethmoid

commissure sensory canals have been mentioned in connection with the bones through

which they pass. These and the other cephalic sensory canals run deep within the

cranial bones and the pores by which they open to the surface are often obscured by
heavy ornamentation. The sensory canals do not show secondary branches, a

point of distinction from most elopoids.

The infraorbital sensory canal ran close to the orbital margin of the infraorbitals.

Anteriorly the canal terminates by a single pore at the antero-dorsal convexity of

the lachrymal. A short, narrow antorbital canal runs through that bone and appears

to end blindly. The only pores seen were those which opened within the lachrymal.

The preopercular sensory canal ran close to the anterior margin of the preoper-

culum, diverging slightly from its parallel course at the angle. The canal opened

to the surface by 9- 11 pores situated below the angle of the canal.

Within the supratemporal there is a canal which runs at the anterior margin and
represents part of the supratemporal commissure. Since the supratemporals are

widely separated from one another the central portion of the commissure must have

lain in the dermis as in Recent albuloids. Laterally the commissure opens to the

surface of the supratemporal by a single large pore. A canal linking the cephalic

sensory system with the lateral line could not be seen.

Opercular series. All bones, except the interoperculum, are thick and ornamented

by radiating rugae.

The operculum is trapezoidal in shape, with the longest edge situated anteriorly.

The articulatory facet which fits the opercular process of the hyomandibular is

near the top of this anterior edge. The facet is supported by a horizontal flange

which also served as a point of insertion for the levator operculi musculature. Be-

neath this horizontal flange there is an upwardly directed foramen, but whether it

penetrates the opercular bone (as does a similar foramen in Scomber, Allis 1903) is

not known.

The suboperculum is large and continues the posterior border of the operculum.

Anteriorly the suboperculum sends up a dorsally directed wing under the anterior

margin of the operculum.

The interoperculum has the form of an equilateral triangle, with the anterior point

lying adjacent to the articular, with which it was no doubt connected in life by liga-

ments. The interoperculum is distinctively short but deep. Laterally the inter-

operculum is largely overlain by the preoperculum.
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Fig. 52. Osmeroides lewesiensis (Mantell). Cranium in left lateral view.

Composite of several B.M.N.H. specimens.

The preoperculum has two limbs, horizontal and vertical, the latter being the longer

and lying closely against the hyomandibular. The anterior margin of the pre-

operculum is thickened, particularly in the angle, and forms, together with the

hyomandibular, a prominent ridge for the origin of the adductor mandibulae. The
preoperculum is relatively narrow throughout its length.

Pectoral girdle and fin. The supratemporal is triangular, ornamented with coarse

rugae and lies tightly against the posterior margin of the pterotic. The supra-

temporal is separated from its partner as in all albuloids.

The post-temporal is relatively small, consisting essentially of two unequal limbs.

The upper limb projects forward to overlie the epiotic process, to which it was no
doubt connected by ligaments. The lower limb is very much smaller, both in length

and diameter, and projects antero-ventrally to lie against the intercalar. Posteriorly

the post-temporal overlies the top of the supracleithrum. The lateral line canal

ran through the post-temporal and continued within the dorsal part of the supra-

cleithrum. This latter element curves ventrally and overlies the dorsal part of the

cleithrum. Dorsally and ventrally the supracleithrum ends in rounded margins.

The cleithrum is by far the largest element in the girdle, extending from the

posterior angle of the operculum to the medial surface of the interoperculum. The
anterior margin of the cleithrum is turned medially and thus presents a broad face

for the attachment of the sternohyoideus musculature. The posterior margin of

the cleithrum curves postero-ventrally to just above the fin insertion. At this
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point the border turns sharply antero-ventrally. Anteriorly and ventrally the tip

of the cleithrum is inwardly curved and meets its partner in the mid-line.

Specimen B.M.N.H. P.6456 shows fragmentary remains of the endochondral

elements. The scapula fails to enclose the scapular foramen, the outer (upper)

margin of this foramen being formed by the cleithrum. A notch in the posterior

border of the scapula marks the position of insertion of the outermost fin-ray. The
coracoid is incompletely known. Posteriorly this element appears to contact the

scapula laterally and mesocoracoid dorsally. Anteriorly it is in contact with the

cleithrum over a very small area. Much of the coracoid is separated from the cleith-

rum by a large fenestra. The mesocoracoid forms the mesocoracoid arch. The
bone is narrow in its centre, but dorsally it expands to spread over the medial surface

of the cleithrum, while ventrally it was in synchondral union with the scapula and
coracoid.

There are approximately 15 pectoral fin-rays (as with other fins the exact number
cannot be ascertained) of which the outermost is distinctive in having a swollen base.

All rays are articulated and, except the first, are branched. A pectoral splint is

present.

Pelvic girdle and fin. The pelvic fin, which originates mid-way between the snout

and caudal peduncle, is supported by a simple pelvic bone. Each pelvic bone is

triangular in shape and thickened posteriorly. The surface marking of the posterior

face suggests that it was covered by cartilage. The number and size of the pelvic

fin-rays is not known, Woodward (1908) stated that n rays were present but this

could not be verified.

Vertebral column. Virtually nothing is known of the vertebral column. Wood-
ward (1901) quotes a rather wide range of 50-70 vertebrae, and this is all that may be

suggested with known material. The majority of the centra are as deep as long and

are marked laterally by a few longitudinal grooves. Exceptions to this general form

are the last few centra which are slightly longer than deep.

The neural and haemal spines are stout and the arches are lodged in depressions

upon the centra. The abdominal centra bear autogenous parapophyses with which

the pleural ribs articulate. Dorsal (i.e. epineural) intermuscular bones are present

in the abdominal but apparently not in the caudal region. The absence of inter-

musculars in the caudal region may be apparent rather than real since in many
Recent teleosts the posterior intermusculars have no firm attachments to the ver-

tebral column and are often dislodged when the flesh is removed.

Modification at the posterior end of the column in support of the caudal fin-rays

is dealt with in the description of the caudal fin.

Median fins. The origin of the dorsal fin occurs mid-way between the snout and

the caudal peduncle. The base length of the fin is slightly greater than its height.

Woodward (1901 : fig. 2) illustrates 22 fin-rays but the specimens show a lower

count, 18-19, °f which the first three are unbranched and the first is not jointed.

The fifth ray is the longest of the series.

The anal fin originates nearer to the caudal peduncle than to the pelvic fins. The

base length is almost equal to the length of the longest ray which is the first branched

and the fourth in a series of 14. The anterior two rays are not jointed.
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Very few specimens of 0. lewesiensis show the dermal rays of the caudal fin
;

none shows a complete series and thus the number, nature, length and distribution

are unknown. The following description of the caudal skeleton is based on B.M.N.H.

49894.
The fin-rays are supported by structures associated with four preural and two

ural centra. The latter are distinguished from those anteriorly by being unorna-

mented, upturned and longer than they are deep.

The haemal arches borne by the first four preural centra are firmly united, although

not fused, with the centra. The haemal spines remain broad throughout their length

and are thickened along their posterior margins. The anterior margin is produced

as a thin wing which lies against the preceding spine. Near to the base of the spine

the anterior margin is notched for the passage of the segmental artery.

The third and fourth preural centra bear full length neural spines which converge

distally. The second preural centrum bears a neural arch and a half length spine,

while the first preural bears only a neural arch, the outline of which is difficult to see.

All neural ar.m elements are autogenous.

The hypural series forms a complete fan. Two lower hypurals are borne by the

first ural centrum. The lowermost or first hypural is by far the larger of the two
and is fan-shaped, in contrast to the parallel-sided second element. The bases of

these hypurals are slightly constricted and produced into rounded heads which fit

in weakly defined cup-shaped depressions on the supporting centrum.

Three upper hypurals may be seen (though it is very likely that there was a fourth

in the series representing the ' hypurale minimum ' of Monod 1967). The third

hypural, the lowermost member of the upper series, is large and fan-shaped. It is

divisible into a thickened upper and a thin lower portion. The fourth hypural is

considerably narrower, but similar to its ventral neighbour in articulating with the

second ural centrum.

There are four uroneural elements. The first is expanded proximally and covers

the dorso-lateral surface of the first and second preural centra. The second uroneural,

which in the specimen figured (Text-fig. 53) is displaced posteriorly, is slightly

smaller and lies in a groove on the posterior face of the first uroneural. The third

lies in conformity with the second but the fourth appears to have been displaced

posteriorly. The nature of this fourth element is in question. Its size and shape

would suggest that it represents a urodermal, but its position within the fin-rays,

not superficial to them, and the nature of the bone surface are features of a uroneural.

This structure is interpreted as being a fourth uroneural.

Between the first uroneural and the second preural neural spine there are three

epurals. The posterior epural is the largest. The anterior epural is markedly
curved but it is not clear how much of this curvature is due to the distortion which
has obviously taken place.

The base of the inner ray of the upper lobe shows a marked basal expansion as in

many lower teleosts. A caudal scute was present both above and below the caudal

peduncle.

Squamation. A lateral line scale count cannot be made. The type specimen

exhibits 38 scales to the level of the pelvic fin insertion. If the pelvic fin origin be
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taken as representing the mid-body level then the total lateral line count must have

been about 80 (Woodward 1901 : fig. 2, indicates 87). The transverse count is 7/6

at both the occiput and the dorsal fin.

The scales have a characteristic shape and together with those of 0. levis are dis-

tinctive among remains of the English Chalk fish fauna. Each scale is large,

angular anteriorly but smoothly rounded posteriorly. The exposed portion is

marked by fine tuberculations set in an apparently irregular fashion. The covered

portion bears many smaller tuberculations and these are set in a radial pattern.

Fine circuli are arranged concentrically around a central nucleus. The majority of

the anterior body scales are marked by 3-8 (mode 5) radii which produce a scalloped

margin anteriorly. Towards the tail the scales appear more rounded and do not

bear radii. Lateral line scales are marked by a longitudinal ridge which terminates

as a notch on the posterior margin of the scale.

Osmeroides levis Woodward

(Text-fig. 54)

1895 Aulolepis typus Agassiz ; Woodward : 660, pi. 43, figs. 2, 3, 5 (errore).

1900 Osmeroides sp. ; Woodward : 325.

190 1 Osmeroides levis Woodward : 15.

1907 Osmeroides levis Woodward; Woodward : 118, pi. 23, figs. 9-11.

Diagnosis (emended). Osmeroides reaching a maximum length of 200 mm.
Length of cranium not exceeding twice its maximum width at the sphenotic region.

Parietals as long as wide. Dermal skull bones smooth, ornamented only by weakly
developed radiating ridges. Interorbital septum partially ossified. Parasphenoid

ending beneath mid-otic region. Quadrate/mandibular articulation beneath middle

of orbit. Branchiostegal rays smooth, exact number not known but not less than

15. Vertebrae, dorsal fin and scales as in the type-species.

Holotype. B.M.N.H. P.5681, from the Upper Cenomanian (Holaster subglobosus

zone) of Burham, Kent, England.

Material. The holotype and the following B.M.N.H . specimens
; 49903

(paratype), P. 1854 (part and counterpart), P.36204. The last specimen was prepared

in acid by Dr C. Patterson. All specimens are from the Upper Cenomanian of

S.E. England.

Remarks. 0. levis is both rarer and more restricted in time than the type-species.

Although the specimens are not accompanied by horizon data the matrix in which
they are embedded is easily identifiable as having the lithology of the Holaster

subglobosus zone, and is therefore of Upper Cenomanian age.

Other than the cranium very little is known of the anatomy. However, sufficient

evidence remains to indicate that 0. levis is very closely related to the type-species.

Woodward (1907) noted the following differences between 0. levis and the type-

species. The head and opercular apparatus occupy one-third of the standard length

(taken in this instance as the distance between the snout and the caudal peduncle),

whereas the head and opercular apparatus are relatively shorter in the type-species.
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Fig. 54. Osmeroides levis Woodward. Neurocranium in dorsal view. Based on
B.M.N.H. P.5681, P.1854 and 49903.

The cranial roof is shorter in proportion to its width than in the type-species and the

parietal bones are shorter than long. Perhaps the most easily recognizable differ-

ence noted by Woodward concerns the ornamentation of the skull roofing bones,

those of 0. levis being smooth except for a small patch of rugose ornamentation on

the frontal bones above the orbit, whereas the roofing bones of the type-species are

uniformly ornamented from the mid-orbital region posteriorly.

In addition to the above differences several others may be mentioned. The

dermethmoid of 0. levis is considerably shorter than that of the type-species and this

is related to the preorbital length which is less in 0. levis.

The parasphenoid of 0. levis is relatively narrow and terminates beneath the

middle of the otic region of the neurocranium, contrasting with the very broad, long

parasphenoid of 0. lewesiensis. In both species the parasphenoid bears a patch of

very small, rounded teeth. The size of the parasphenoid has resulted in other

differences between the two species. The parasphenoid rests against the lateral

ethmoid in both, but in 0. lewesiensis there is a sutural connection between these
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elements, whereas in 0. levis there is an interspace. The interorbital septum is not

completely ossified in 0. levis in contrast to the well-ossified septum in 0. lewesiensis.

Posteriorly the myodome is open in 0. levis whereas in the type-species it is closed.

Apart from the differences noted above, the neurocranium is very like that of the

type-species. Woodward (1907 : 118) described much of the cranial anatomy
other than the neurocranium, and the following notes, based upon an examination

of B.M.N.H. P.36240, are intended to supplement that work.

Hyopalatine bones. The hyomandibular tapers from a broad undivided head to a

vertically directed shaft, unlike the forwardly directed shaft of the type-species.

The opercular process is large, rounded and bears a stout horizontal ridge upon its

medial surface. This ridge provided a point of insertion for the levator opercularis

muscle. Laterally the shaft of the hyomandibular bears a stout ridge behind which

there is a well-marked groove. Two foramina open into the groove from a single

intraosseous canal, the upper representing the point of exit of the hyoidean nerve,

the lower the mandibular nerve. The nerves continued within the hyomandibular

groove. As in the type-species, the anterior margin of the hyomandibular is pro-

duced into a thin wing which is partly overlain by the metapterygoid.

The remainder of the hyopalatine series is very similar to that of 0. lewesiensis,

the only notable difference being that the quadrate is deeper than long in 0. levis,

which is the converse of the type-species.

The hyoid arch and branchiostegal rays. The interhyal was not identified in any
specimen, although its presence is indicated by a notch upon the dorsal surface of

the posterior ceratohyal. The posterior ceratohyal is approximately triangular,

smooth upon the medial surface, but marked laterally by two depressions separated

by an antero-ventrally inclined ridge. The anterior ceratohyal is elongate and
waisted in the anterior third. It is deepest posteriorly where it contacted the

posterior ceratohyal through a narrow band of cartilage. A prominent groove

close to the dorsal margin of the lateral surface of the anterior ceratohyal marks
the path of the afferent hyoidean artery. Ventrally the anterior ceratohyal shows a

groove flanked medially by a notched ledge. Each of these notches marks the point

of insertion of a branchiostegal ray suggesting that not less than five branchiostegals

were attached along this margin.

There were two hypohyals, although only the upper is known. This is cuboid in

shape and was separated from both the ceratohyal and lower hypohyal by cartilage.

The groove for the afferent hyoidean artery runs along the dorsal surface of the

upper hypohyal. In the type species the artery runs through the upper hypohyal.

The median urohyal is ' T '-shaped in cross-section. Anteriorly the horizontal

lamina of bone is constricted before becoming expanded into two antero-laterally

directed prongs. The median vertical flange of bone is thin, but its posterior extent

is not known.

Not less than 15 branchiostegal rays are present. The anterior branchiostegals

are narrow but the posterior rays are broad and marked by a stout ridge which runs

down the centre of their length.

Gill arches. Very little is known of the branchial arches in this or the type-species.

The basihyal and basibranchials were covered by two large tooth plates, the basihyal

8
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plate and an elongate basibranchial plate representing the compound plate asso-

ciated with the first three basibranchials. The teeth borne by these plates are small,

set in shallow sockets and range in shape from conical to hemispherical. On the

basibranchial plate the teeth situated anteriorly are slightly larger than those

posteriorly.

The cerato- and epibranchials are long, thin, and bear a deep groove upon the

lateral face for the branchial arteries. The medial surface of these elements is

smooth and the associated tooth plates lay free in the dermis. The tooth plates are

oval in shape and bear villiform teeth. Somewhat larger tooth plates may be

identified as infrapharyngobrancial tooth plates (upper pharyngeals of Nelson

1969a). The teeth borne by the upper pharyngeals are smaller than those on the

basibranchial tooth plates.

Postcranial skeleton. What little is known of the postcranial skeleton is very like

0. lewesiensis. The squamation is similar to that of the type-species but, as may be

expected in a smaller fish, the scales show much less ornamentation.

Osmeroides latifrons Woodward

(Text-figs. 55-59)

1907 Osmeroides latifrons Woodward : 119, pi. 24, figs. 1, 2, 3.

Diagnosis (emended). Species known only from the cranium and anterior part

of trunk. Length of cranial roof less than twice the maximum width, at the

sphenotic level. Parietals broader than long. Frontals becoming narrow above

lateral ethmoids. Dermal cranial bones smooth, marked only by fine radiating

growth lines. Interorbital septum absent or membranous. Parasphenoid reaching

rear of neurocranium. Quadrate/mandibular articulation beneath lateral ethmoid.

Branchiostegal rays less than 15 in number. Scales large, exposed area marked
by a fine reticulation of rugae. Anterior field of scales without radii.

Holotype. B.M.N.H. P. 10465, exhibiting skull roof, from the Upper Cenomanian
of Kent, S.E. England.

Material. In addition to the type, B.M.N.H. specimens P.5679, P.9699, P.10466

and P. 1 1 190 were examined. The last-mentioned specimen was prepared in acetic

acid. All specimens are from the Upper Cenomanian of Kent, S.E. England.

This species is known only by imperfect cranial remains and the anterior region

of the trunk. The account of the cranium is based mainly on B.M.N.H. P.11190.

Description. Osmeroides latifrons differs considerably from other species of

Osmeroides. Many of the observable differences are features in which 0. latifrons

resembles the Albulidae and Pterothrissidae. However, a basic similarity in neuro-

cranial structure and the retention of several primitive features justify the inclusion

of this form within the genus Osmeroides. The description given below is designed

to illustrate the differences between 0. latifrons and the type-species, 0. lewesiensis.

Neurocranium. The cranial bones are unornamented, except for a few lines of

growth on the frontal, infraorbitals and operculum. Comparing the neurocranial



FOSSIL AND RECENT "5

asp

soc

Fig. 55. Osmeroides latifrons Woodward. Neurocranium in dorsal view.

Based on B.M.N.H. P.10465.

views (Text-figs. 55 and 46, 56 and 47, 57 and 48), the differences in proportion are

obvious. The significant features of the neurocranial roof are : the narrow, slightly

elongated snout, the broad otic region, the irregular shape of the parietals and the

long dermethmoid. The dermethmoid shows a prominent median ridge which is

continued posteriorly on the frontals. At the anterior end of the dermethmoid there

are inclined struts of bone connecting the horizontal and vertical portions of this

element ; in this the dermethmoid resembles that of albulid and pterothrissid fishes.

The frontal of 0. lewesiensis is flat throughout but in 0. latifrons the centre of ossi-

fication is raised and there is a shallow trough developed anteriorly, features seen

in the albulids and, to a lesser degree, in the pterothrissids.

The supraoccipital of 0. latifrons is relatively small and there is a small, deep
depression on either side of the weakly developed crest. The sub-epiotic fossa is
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Fig. 56. Osmeroides latifrons Woodward. Neurocranium in posterior view,

This and Text-figs. 57 and 58 from B.M.N.H. P. 11 190.

very large and the ridge which forms the medial margin in all Osmeroides species is

particularly well developed here. The intercalar was not seen but the surface mark-

ings on the exoccipital and pterotic suggest that it was of limited size (Text-figs.

56, 57 and 58).

The lateral surface of the neurocranium shows a large otic bulla and a deep sub-

temporal fossa. Both of these structures are developed to a greater degree than in

the type-species. Indeed, the subtemporal fossa is so deep that it severely restricts

the lumen of the post-temporal fossa. Also seen upon the lateral face of the prootic

is a prominent ridge of bone which passes antero-ventrally from the level of the pars

jugularis. This ridge, which provided a site of origin for branchial musculature,

is present but less pronounced in other species of Osmeroides.

The trigemino-facialis region is basically similar to that of the type-species, but

there are two small differences. Firstly, the profundus ciliaris of 0. latifrons leaves

the cranial cavity by a separate foramen, whereas in 0. lewesiensis that nerve ran

out from the cranial cavity with the trigeminal nerve. The second difference

concerns the path taken by the orbital artery. The condition in 0. lewesiensis

has been described (p. 99) and is quite typical of elopiforms. In 0. latifrons (as

represented by B.M.N.H. P.11190) an unusual condition existed. The orbital

artery pierced the lateral face of the prootic and turned antero-dorsally to pass into

the orbit immediately beneath a small bridge of bone, without taking its usual path

through the pars jugularis. The path of the orbital artery presumably resulted

in the efferent hyoidean branch looping back into the pars jugularis before running

out of the prootic with the hyomandibular ramus of the facial. Since only one
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suitable specimen of 0. latifrons was available it is not certain if the unusual disposi-

tion of the orbital artery is normal for this species or merely an individual variant.

Within the orbit 0. latifrons differs from the type-species in the membranous inter-

orbital septum and the small basisphenoid stem, although, as in 0. lewesiensis,

there are two posteriorly directed prongs arising from the posterior margin of the

stem. The parasphenoid of 0. latifrons is proportionally wider throughout, par-

ticularly beneath the otic region. The parasphenoid tooth patch is as extensive

as in the type-species but the teeth are slightly different. The parasphenoid teeth

of 0. latifrons are of irregular size and vary in shape from small, villiform teeth to

larger hemispherical teeth. The teeth become larger posteriorly and those in the

centre are larger than the marginal teeth.

Hyopalatine bones. The quadrate/mandibular articulation lies beneath the lateral

ethmoid, further forward than in the type-species. A distinctive feature of the

hyomandibular is the thin bone forming the head ; otherwise there is agreement in

form with 0. lewesiensis. The metapterygoid is imperfectly preserved dorsally,

but it probably reached the antero-dorsal point of the hyomandibular and resulted

in the presence of a hyomandibular-metapterygoid foramen as in albulids and
pterothrissids. The lateral surface of the metapterygoid is marked by a prominent

ridge, present in other species of Osmeroides, which provided an anchorage for a

superficial division of the levator arcus palatini musculature. The quadrate,

although of normal shape, is positioned so that the posterior margin lies almost

horizontally. There is a considerable gap between the ventral end of the hyomandi-

bular and the quadrate. This gap was presumably bridged by the symplectic.

The symplectic was not seen but the impressions left upon the quadrate suggest

that it was somewhat flattened, as in Albula. The metapterygoid contributes to the

symplectic support. The ectopterygoid is almost as wide as the endopterygoid but
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Fig. 57. Osmeroides latifrons Woodward. Neurocranium in left lateral view.
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Fig. 58. Osmeroides latifrons Woodward. Neurocranium in ventral view,



FOSSIL AND RECENT 119

unlike the latter is vertical. The dorsal margin of the lateral face of the ectoptery-

goid is produced as a small crest. The teeth borne by the ectopterygoid and endo-

pterygoid form a single large patch. Unlike those in 0. lewesiensis, the teeth in this

patch vary considerably in size and shape. Those situated medially resemble the

larger parasphenoid teeth. Those found laterally are similar to the villiform teeth

seen in the type-species. The anterior end of the hyopalatine series is not known.

Mandible. The mandible is short, turned inwards markedly at the symphysis

and with a posteriorly situated coronoid process. Ventrally the dentary is marked
by a deep groove which runs parallel to the inflected margin, and carried the sensory

canal. Posteriorly the mandibular sensory canal ran through the articular. The
oral surface of the dentary bears a broad band of teeth. Each tooth is pointed and
curves inwards distally like those of 0. levis but unlike the villiform teeth of 0.

lewesiensis. The articulatory facet is formed mainly by the endosteal articular

which is relatively larger than that element in the type-species.

Circumorbital series. The anterior half of the first and the third, fourth and fifth

infraorbitals are the only elements of this series known. Unlike those of the type-

species, all bones are thin and marked only by growth lines. The first infraorbital

shows a rounded anterior margin and is without the small dorsal prominence seen in

0. lewesiensis. The surface of the first infraorbital is marked by concentric growth

lines and in the dorsal half there is a thin ledge which protected the sensory canal.

The third, fourth and fifth infraorbitals form the posterior border of the orbit. These

elements are narrower than those of 0. lewesiensis, leaving more of the cheek region

exposed.

Hyoid arch and branchiostegal rays. Both anterior and posterior ceratohyals are

short and deep, contrasting with those of the type-species. The posterior ceratohyal

carried five branchiostegals and at least six are attached to the anterior ceratohyal.

All branchiostegals are smooth but otherwise they resemble those of 0. lewesiensis.

Cephalic sensory canal system. The sensory canal system is more open than in

0. lewesiensis. The supraorbital canal ran within the frontal from the level of the

autosphenotic to open onto the surface of the frontal at the level of the lateral

ethmoid. Anterior to this the canal must have lain in the frontal trough. The
infraorbital sensory canal of 0. latifrons is relatively larger than that of 0. lewesiensis

and, unlike that of the latter species, is situated at the orbital margin. Within the

third infraorbital the canal opens to the surface by large pores, separated from one

another by narrow bony struts. On the first infraorbital the canal must have been

open ventrally, the only protection being afforded by a narrow ledge of bone. The
mandibular sensory canal was similarly open, lying as it did in a large groove. The
only point at which the canal passes through bone is at the extreme postero-ventral

angle of the articular. The preopercular sensory canal ran within an intramural

canal in the dorsal half of the preoperculum. At the level of the fourth infraorbital

the canal emerged to the surface and continued its path beneath a narrow shelf.

Opercular series. The preoperculum is large and reaches well forward. The dorsal

end of this element is narrow and truncated. Anteriorly the bone is rounded. The
operculum differs in shape from that of the type-species. The anterior margin is

almost straight while the posterior border curves backwards and downwards to near
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the ventral end of the bone, where it curves sharply forwards resulting in an oblique

ventral border. The suboperculum and interoperculum have the same form as in

0. lewesiensis.

Squamation. Only a few of the anterior scales are known. The scales are thinner

than in the type-species although of the same relative size. Each scale is nearly

circular. The anterior field is marked by random fine granulations. In the dorsal

and ventral fields the granulations become defined as circuli while in the posterior

field they form a network of rugae and thus differ from those in 0. lewesiensis

which are set in radiating fashion. The scales of 0. latifrons are without anterior

radii and the anterior margin is complete ; a few of the anterior body scales of the

type-species are also without radii. The lateral line scales may be identified by a

small notch in the posterior margin, as in 0. lewesiensis.

Affinities of Osmeroides latifrons. Osmeroides latifrons is an advanced species

of the genus. Many features of 0. latifrons are interpreted as the initiation of trends

which are characteristic of albulids and pterothrissids. For instance, the cephalic

sensory canals of 0. latifrons are considerably more open than those of 0. lewesiensis

or 0. levis, but are never cavernous as in the Albulidae and Pterothrissidae. Inter-

mediate conditions of other characters are seen in the snout, hyopalatine series and

the dentition, and are discussed in relation to the evolution of the Albuloidei (pp.

202-210). Despite certain resemblances to the Albulidae and Pterothrissidae, 0.

latifrons retains primitive characters of the Osmeroididae such as the terminal

mouth, the incorporation of the first centrum into the neurocranium, the unexpanded
ectopterygoid process, the presence of many ectopterygoid teeth and the unspecialized

dentition, particularly that associated with the gill arches. In all, the known
osteological features of 0. latifrons show a closer resemblance to other species of

Osmeroides than to any other albuloid genus. Those points in which 0. latifrons

differs from 0. lewesiensis and 0. levis concern degree of development rather than ab-

solute difference and it is therefore difficult to justify exclusion of 0. latifrons from

the genus. 0. latifrons is known only by incomplete cranial remains and until more
complete specimens are available it is retained in Osmeroides. Osmeroides latifrons

is most nearly related to 0. levis. With this species it shares such features as smooth
cranial bones, a very shallow otic region of the neurocranium with large otic bullae,

a membranous interorbital septum and small dentary teeth which are decidedly

pointed. With 0. lewesiensis it shares but one character, a very broad parasphenoid.

The cranial anatomy of 0. latifrons suggests a morphotype for the Albulidae and
Pterothrissidae. Evolution of the latter fishes from 0. latifrons would primarily

involve loss of the medial ridge of the sub-epiotic fossa ; deepening of the trough

upon the skull roof ; a general enlargement of the sensory canals with a reduction

in their bony protection ; reduction or, in the case of the Albulidae, loss of ectoptery-

goid teeth ; expansion of the ectopterygoid process to contact the infraorbitals
;

development of an inferior mouth ; development of an inflected dentary margin

with consequent approximation of the jaw rami in the ventral mid-line and reduction

or loss of the gular plate. In three features 0. latifrons resembles the Albulidae

rather than the Pterothrissidae ; the position of the quadrate/mandibular articula-

tion, the broad parasphenoid and the irregular shape of the parietals. The first
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two of these similarities would not exclude 0. latifrons from the ancestry of the

Pterothrissidae since the position of the lower jaw articulation varies within each

albuloid family and a broad parasphenoid is a basic albuloid character, also found

in the primitive Osmeroides lewesiensis. The shape of the parietals, however, is a

character of the Albulidae not found in the Pterothrissidae. This similarity is noted

here, but no conclusions are drawn, as the phylogenetic implications of parietal shape

are not understood.

Genus DINELOPS Woodward

1907 Dinelops Woodward : 121.

Diagnosis. See Woodward (1907 : 121).

Type and only species. Dinelops ornatus Woodward.

Dinelops ornatus Woodward

1907 Dinelops ornatus Woodward : 121 ,
pi. 24, figs. 4-6.

Diagnosis. See Woodward (op. cit.).

Holotype. B.M.N.H. 39432, an incomplete cranium from the Upper Cenomanian
of Kent.

Material. Only three specimens are known, the holotype and the paratypes

B.M.N.H. 49091 and P.1812. The specimens consist of incomplete cranial remains

and parts of the trunk from the Lower Chalk of S.E. England.

Remarks. The affinities of this genus are problematical. Woodward (1907)

stated that Dinelops resembled Osmeroides, a view which, with reservation, is upheld

here.

The skull roof is relatively broad above the cranial vault but tapers sharply

immediately anterior to the level of the autosphenotic spine, as in Osmeroides

latifrons. The roofing bones are ornamented with coarse rugae which, unlike any
species of Osmeroides, extend on to the dermethmoid. Above the cranial vault

there is a median frontal depression but it is weakly defined. A medial branch of

the supraorbital sensory canal opens on to the surface of the frontal above the hind

end of the orbit and continues forward in a shallow trough, a condition similar to that

of Albula.

The supraorbital, as in Osmeroides, is large and ornamented posteriorly.

The orbit is relatively large, larger than in any species of Osmeroides, and sur-

rounded by a series of six canal-bearing infraorbitals. The sixth member, the

dermosphenotic, is known by small fragments. The bones are thin, as in Osmeroides

latifrons, and devoid of ornamentation. The posterior infraorbitals are wide, as in

Elops, but the fourth is distinctively very shallow.

Of the upper jaw only the maxilla is known. It is totally unlike that of Osmeroides.

The maxilla is straight and extends back to beneath the centre of the posterior infra-

orbitals. Anteriorly the maxilla is narrow and bears a prominent palatine cup
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before ending in a slightly expanded maxillary head. Woodward (1907) suspected

the presence of only one supramaxilla, but the specimens are too imperfect to confirm

this suspicion. The teeth are unknown but a series of moderately large alveoli

set in a single row indicate a dentition unlike that of Osmeroides. The alveoli are

only weakly delimited from one another and in some parts of the bone the teeth appear

to have been set in a continuous groove.

The quadrate/mandibular articulation occurs well behind the eye, beneath the

occiput. The mandible is deep throughout and a well-developed coronoid process

is absent. B.M.N.H. 49091 is the only specimen showing the dentition. At the

anterior end of the jaw the teeth are arranged in a band about four teeth wide.

Behind this level there is a single row of prominent alveoli in which were set somewhat
larger teeth. Lateral to this row of prominent teeth there are much smaller teeth,

while towards the anterior end of this series small alveoli indicate that there may have
been a medial row of very small teeth. The teeth are pointed. The absence of jaws

in the type specimen makes positive identification of this jaw (B.M.N.H. 49091)
difficult (Woodward 1907 only tentatively assigned this specimen to Dinelops).

However, the ornamentation upon the mandible is very similar to that of the

roofing bones.

The postcranial skeleton is even more poorly known. There are approximately

14 rays in the pectoral fin which was held low down on the body. The dorsal fin

was situated above the pelvic fins and relatively far back.

The scales are large, almost circular and marked only by fine circuli. A few

scales exhibit fine granulations in the posterior field.

The characters of the skull roof and supraorbital agree with those of the Osmeroi-

didae. The jaws and dentition are, however, decidedly different and more advanced
than Osmeroides. Failing knowledge of the neurocranium, Dinelops is tentatively

retained in association with Osmeroides.

Family PTEROTHRISSIDAE Gill, 1893

Diagnosis. Albuloid fishes in which the snout is elongated ; mouth inferior.

Ethmoid commissure incomplete, running through premaxillae. Supraorbital

sensory canal not extending on to parietal. Occipital condyle formed entirely by
basioccipital. Interorbital septum membranous. Lateral ethmoid not sutured

to the parasphenoid, which is narrow. Parasphenoid and endopterygoid with

conical teeth opposed by a similar dentition upon the basihyal and basibranchial

tooth plates. Vomer edentulous. Premaxilla, maxilla and dentary with small,

needle-like teeth. Posterior infraorbitals narrow, incompletely covering the

cheek. Supraorbital small. Hyomandibular-metapterygoid foramen developed.

Premaxilla tightly bound to the mesethmoid ; maxilla moving independently ; a

single ovoid supramaxilla. Mandible with prominent coronoid process. Branchio-

stegals less than 10 in number. Gular plate absent. Dorsal fin elongated, anal fin

short based. Caudal skeleton with two or three uroneurals. Inner caudal rays of
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each lobe without expanded bases. Principal caudal rays preceded by numerous
basal fulcra, many of which are unsegmented and lie free in the body musculature.

Caudal scutes absent.

Genus PTEROTHRISSUS Hilgendorf, 1877

1877 Pterothrissus Hilgendorf : 127.

1877 Bathythrissa Giinther : 443.

Diagnosis. Pterothrissidae in which the interorbital distance is approximately

one-quarter of the length of the neurocranium. Parasphenoid teeth extending to

mid-orbital level. Maxilla with 6-7 teeth. Coronoid process forwardly directed

and situated in the anterior third of the mandible. Branchiostegals six in number.

Vertebral column with never less than 100 vertebrae.

Type-species. Pterothrissus gissu Hilgendorf.

Remarks. The genus is known by two species, the type-species, occurring off

the coasts of Japan, and P. belloci Cadenat from off tropical West Africa. Both
species are inhabitants of deeper waters. Poll (1953) records that most specimens

of P. belloci have been found at the edge of the continental shelf. Information on

P. gissu is imprecise but Okada (i960) states that it is found in ' moderately deep

water '. Specimens of P. belloci were not examined but it is obvious from the

description given by Poll (1953) that it closely resembles P. gissu. The main
differences appear to be in the relatively greater length of the head and eye in P.

belloci, and the lateral line scale count (85-90 in P. belloci, 99-112 in P. gissu).

Previous osteological information on Pterothrissus is scanty. Ridewood (1904)

briefly noted some differences between Pterothrissus gissu (termed Bathythrissa

dorsalis in that publication) and Albula. Gosline (1961) referred to the caudal

structure and snout, and Monod (1968) described and figured the tail of P. belloci.

Pterothrissus gissu Hilgendorf

(Text-figs. 60-69)

1877 Pterothrissus gissu Hilgendorf : 127.

1877 Bathythrissa dorsalis Giinther : 443.

Diagnosis. Pterothrissus reaching 400 mm S.L. Length of head equal to

25-26 per cent of the standard length. Maximum depth of the head at the occiput

and equal to 50 per cent of the head length. Diameter of orbit 27-30 per cent of

head length. Dorsal fin composed of 58-60 rays, anal 11-12 rays, pectoral 15 rays,

pelvic 10 rays. 99-112 scales in lateral line. Transverse scale count at dorsal

fin origin is 7 above and 8 below the lateral line.

Material. Four specimens were used in the preparation of the following osteo-

logical description. Three were donated by Prof. T. Abe of Tokyo University

(221 mm, 236 mm and 220 mm S.L.). The fourth is a larger specimen, B.M.N.H.

1903.5. 14.142.
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Description. Neurocranium. The neurocranium is shown in dorsal, lateral,

ventral and posterior views in Text-figs. 60, 61, 62 and 63. It is long and shallow

with a slightly elongated snout which is turned downwards at its tip imparting to the

head a characteristic albuloid appearance. Cartilage forms much of the ethmoid and
nasal capsules and occupies large interspaces between certain bones in the otic region.

The ethmoid consists of a median vertical plate of cartilage which expands an-

teriorly to meet the contours of the dermethmoid above and the vomer below. Along

the dorsal surface of the ethmoid there is a thin layer of perichondral bone. Dorsally

this mesethmoid is overlain by a large dermethmoid, an element formed by a

horizontal plate with a prominent vertical ridge on the dorsal surface. The ridge is

pierced by a large fenestra, while anteriorly inclined struts link the vertical ridge

with the horizontal portion. Beneath each strut there is an articular facet receiving

the head of the premaxilla. The facet is formed by the perichondral mesethmoid.

The vomer is edentulous and narrow, unlike that element in albulids and os-

meroidids. Anteriorly the head of the vomer is slightly expanded and is not clearly

separable from the mesethmoid. The head of the vomer is produced ventrally as

a stout median ridge which is semicircular in lateral view.

Each lateral ethmoid is represented by thin perichondral bone which covers the

posterior and part of the lateral wall of the nasal capsule. Laterally the lateral

ethmoid bears a stout ridge which receives ligaments from the posterior process of the

palatine. A single foramen in the transverse wall of the lateral ethmoid transmits

the olfactory tract, nasal artery and the superficial ophthalmic branches of V and
VII. The lateral ethmoid is separated from its fellow by a narrow strip of ethmoid

cartilage.

The frontal is narrow anteriorly where it is raised in the mid-line to form a ridge

lying in continuity with the ridge on the dermethmoid. Above the orbit the lateral

margin of the frontal forms a structure resembling a mudguard. Medial to this

' mudguard ' there is a shallow trough which ends posteriorly in a large sensory pore.

The nasal lies above the anterior end of the frontal and the posterior region of the

dermethmoid. Each nasal is formed by an anterior and larger posterior ossicle,

each barely larger than the contained sensory canal. Both ossicles are open dorsally

along their entire length. The presence of two ossicles composing the nasal element

is noted elsewhere among elopiforms (Elops, Megalops and Tarpon) and is a reflection

of a general elopiform tendency towards fragmentation of the snout elements.

The rectangular parietal is longer than broad and meets its partner over much
of its length. A rebate developed along the posterior margin of the parietal contains

the central portion of the supratemporal commissure. The parietal is perforated

by several small pores (Text-fig. 60) and although the precise disposition of these

pores varies from specimen to specimen there appears to be a longitudinal and a

transverse series. Such an arrangement of pores is similar to those within the

anterior and middle pit-lines of halecostomes, but in the latter fishes the pores are

linked by shallow grooves, not seen in Pterothrissus.

The dermal portion of the pterotic forms the dorso-lateral corner of the skull roof.

The otic sensory canal ran within a shallow groove along the lateral edge of the

pterotic. A narrow rebate along the posterior margin of the pterotic, which lies
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Fig. 60. Pterothrissus gissu Hilgendorf. Neurocranium in dorsal view.
This and Text-figs. 61-69 are composites from several specimens.
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adjacent to an open groove upon the supratemporal, contains the lateral portion of

the supratemporal commissure. In lateral view (Text-fig. 61) the endochondral

portion of the pterotic is seen to form the greater part of the dilatator fossa, the pos-

terior half of the hyomandibular facet and the roof of the deep subtemporal fossa.

Beneath the hyomandibular facet the pterotic is marked by an arc-shaped swelling

which marks the path of the horizontal semicircular canal. The medial surface of

the pterotic forms the roof, the lateral wall and part of the floor of the post-temporal

fossa.

In dorsal view the supraoccipital (Text-fig. 60) is seen to separate the parietals

posteriorly. Two antero-laterally directed wings of the supraoccipital extend beneath

the parietals and contact the autosphenotic. The anterior wings also form the

inner wall of the post-temporal fossae. In posterior view (Text-fig. 63) the supra-

occipital is small, semicircular and separated from the exoccipital by a large area of

cartilage. The supraoccipital crest is very small.

Between the supraoccipital and pterotic lies the irregularly shaped epiotic (Text-

figs. 60, 63). A narrow band of cartilage separates the epiotic from the exoccipital.

The posterior vertical semicircular canal runs through the epiotic and its path may be

seen externally as a ridge running along the medial margin of the post-temporal

fossa and forming an arc above the subepiotic fossa. The epiotic process is weakly
developed.

The exoccipital (Text-fig. 61) forms the posterior wall of the subtemporal fossa

and part of the large otic bulla. Three foramina are present on the lateral face of the

exoccipital : anteriorly there is a glossopharyngeal foramen which is preceded by a

shallow groove, then follows a small foramen for a blood vessel, and posteriorly a

large, ventrally directed vagus foramen. The posterior face of the exoccipital

(Text-fig. 63) forms the ventral half of the subepiotic fossa. The exoccipital meets

its fellow above and below the foramen magnum. The lateral and posterior faces

of the exoccipital meet in a pronounced thickening, within which run the horizontal

and posterior vertical semicircular canals.

At the lower margin of the opening to the post-temporal fossa there is an area of

cartilage between the exoccipital, pterotic and epiotic. Covering this cartilage is the

intercalar which, as in all albuloids, is relatively small. The posterior surface of the

intercalar is ridged, providing a surface of attachment for a tendon from the intercalar

limb of the post-temporal. Laterally the intercalar curves antero-ventrally and in

one specimen examined (Text-fig. 61) forms the dorsal margin of the vagus foramen.

The basioccipital forms the occipital condyle, the posterior portion of the myodome
roof and the walls of the saccular recess of either side. The vertebral-like expansion

of the basioccipital shows a deep notochordal pit, which is not quite symmetrical

since the ventral margin lies more horizontally than the dorsal. Between the bullate

portion and the occipital expansion the lateral surface of the basioccipital is rough,

providing an anchorage point for a strong ligament passing to the cleithrum/supra-

cleithrum overlap. Ventrally the basioccipital is marked by a shallow groove which
is continuous with a small groove upon the parasphenoid.

The prootic is, as usual, a bone of complex shape. The lateral face contributes

to the formation of the hyomandibular facet, the subtemporal fossa and the otic
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Fig. 62. Pterothrissus gissu Hilgendorf. Neurocranium in ventral view.

bulla. At two points the prootic fails to meet the basioccipital : anteriorly where
these bones meet the parasphenoid and posteriorly where they meet the exoccipital.

There are thus left two triangular interspaces, which even in the largest specimen

examined remain open.

A large foramen for the hyomandibular trunk of VII opens directly from the pars

jugularis, so that when the neurocranium is viewed laterally (Text-fig. 61) the tri-

geminal and facial foramina may be seen opening from the pars ganglionaris. The
orbital artery enters the prootic at the base of a deep groove situated immediately

above the ascending wing of the parasphenoid. The orbital face of the prootic is of
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Fig. 63. Pterothrissus gissu Hilgendorf. Neurocranium in posterior view.

limited extent ; it is pierced laterally by the large anterior opening of the pars

jugularis and medially by the oculomotor foramen. The relationships of the rami

of V and VII to the pars ganglionaris and pars jugularis are similar to those described

for Osmeroides lewesiensis (p. 99). The prootic bridge is narrow and separated

from the basioccipital by cartilage. The anterior margin of the bridge is indented

where it forms the posterior half of the hypophysial foramen. Posteriorly the

abducens nerve pierces the prootic bridge.

The autosphenotic contacts the pterosphenoid medially and the prootic ventrally.

Laterally the autosphenotic is produced as a short ' spine '. Postero-laterally the

autosphenotic contributes to the dilatator fossa and the extreme anterior end of the

hyomandibular facet. Much of the autosphenotic is overlain by the frontal. The
otic branch of VII, which in most teleosts pierces the centre of the orbital face of the

autosphenotic, here pierces the suture between the autosphenotic and pterosphenoid.

The pterosphenoid lies posterior to the orbitosphenoid, antero-medial to the

autosphenotic and medial to the prootic. Part of the border of the optic foramen

is formed by the pterosphenoid. The orbitosphenoid is quite large and in the largest

specimen examined (B.M.N.H. 1903. 5. 14. 142) is produced anteriorly as a single

median plate which bifurcates distally and is connected to the lateral ethmoids by
short ligaments. The surface of the orbitosphenoid is marked by a prominent groove

anterior to the level where the olfactory tracts leave the cranial cavity.
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The basisphenoid is ' Y '-shaped, each wing contacting the pterosphenoid and
prootic in such a way as to exclude the latter from the optic foramen. The stem of

the basisphenoid is expanded distally.

Throughout most of its length the parasphenoid is narrow, expanding only at the

level of the short ascending wings. Both anteriorly and posteriorly the parasphenoid

is marked by a median groove. Towards the rear of the orbit the parasphenoid

bears approximately 30 teeth. Each tooth is conical with a rounded tip. The
efferent pseudobranchial and internal carotid arteries pierce the parasphenoid at the

level of the ascending wings.

Hyopalatine bones. The hyopalatine series of Pterothrissus is of a pattern charac-

teristic of other pterothrissids and albulids but rather different from that in the

primitive species of Osmeroides (0. lewesiensis and 0. levis), which resemble the

Elopoidei in this respect.

The hyopalatine series of Pterothrissus is long and shallow. The hyomandibular

has a single broad articulatory head. The bone is thin in this region and this is

reflected in the narrow hyomandibular facet on the neurocranium. A stout ridge

runs the length of the hyomandibular shaft. Dorsally the posterior divisions of the

levator arcus palatini muscle insert on this ridge, while ventrally the ridge serves

as a site of origin for the A 2 division of the adductor mandibulae. Beneath the

hyomandibular head the posterior margin is expanded to form a rounded opercular

process. Upon the medial face a ridge is seen to grade into the opercular process
;

to this ridge are attached the deeper fibres of the levator opercularis. The hyo-

mandibular trunk of VII enters the hyomandibular on the medial surface near to the

anterior end of the head. Within the bone the nerve splits to two subequal branches,

both of which emerge on the posterior edge of the shaft. The upper, smaller, oper-

cular branch leaves the bone immediately beneath the opercular process while the
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Fig. 64. Pterothrissus gissu Hilgendorf. Hyopalatine bones of left side in lateral view.

Cartilage hatched.
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Fig. 65. Pterothrissus gissu Hilgendorf. Hyopalatine bones, opercular series (stippled)

and mandible of right side in medial view. Cartilage hatched.

lower, mandibular branch opens laterally into a shallow groove mid-way along the

length of the shaft. A thin anterior wing is developed in the dorsal half of the hyo-

mandibular. There is no overlap of the hyomandibular by the metapterygoid.

Instead, there is a large foramen between these bones, the hyomandibular-metaptery-

goid foramen, through which passes a deep division of the levator arcus palatini to

insert upon the medial face of the metapterygoid.

The quadrate is basically fan-shaped with the postero-ventral angle produced as

a short spine. The ' posterior ' quadrate margin lies horizontally as in most albu-

loids.

The endopterygoid is somewhat longer than broad. A patch of approximately

40 teeth, similar in shape to those on the parasphenoid, is borne by the convex

palatal surface. The ectopterygoid of Pterothrissus, unlike that of Osmeroides, is

narrow and only meets the endopterygoid over a short distance (Text-fig. 64) . The
ectopterygoid bears a few tiny teeth which are difficult to see in ' unprepared

'

specimens. Dorsally the ectopterygoid process is relatively small and is directed

towards the infraorbital bones. A short ligament connects the process with the

infraorbital series at the junction of the first and second infraorbitals.

There is no ossified autopalatine. The palatine cartilage articulates with the

mesethmoid by a simple rounded head, the anterior process of the palatine. Beneath

the lateral ethmoid there is another dorsally directed process, the posterior process

of the palatine. The dermopalatine is represented by a small, toothless, oval

ossification attached to the ventral surface of the palatine cartilage.

Dermal upper jaw. The premaxilla is stout with an inwardly turned head bearing

a single articulatory facet. A tough ligament runs from the external face of the



FOSSIL AND RECENT 133

premaxilla head to the dorsal margin of the dermethmoid ridge. This ligament, the

tight fit of the articulatory facet and the presence of tough connective tissue combine

to make the premaxilla practically immovable. The lateral surface of the premaxilla

is perforated by three or four pores which lead to a sensory canal running through

the bone. Posteriorly the alveolar process of the premaxilla is tapered and received

in a small notch in the maxilla.

The maxilla is narrow and stout anteriorly where it curves inwards to articulate

with the ethmoid via a biconcave cartilaginous pad. Posteriorly the maxilla is

thin and ovoid in lateral view, save for a small excavation into which a single oval

supramaxilla fits.

The majority of the upper jaw teeth are found on the premaxilla. The oval

margin of the premaxilla is clothed with many small needle-like teeth which point

towards the buccal cavity. The maxilla has a feeble dentition, there being only five

or six pointed teeth set in a single row.

Mandible. The mandible is short and deep with a prominent coronoid process

situated anteriorly. Ventrally the margins of the dentary and articular are in-

flected and form a broad shelf. From the lateral face of this shelf a thin flange of

bone projects and this forms a partial protection for the mandibular sensory canal.

The dentary is narrow anteriorly and is markedly turned inwards at the symphysis.

In shape, size and disposition the numerous dentary teeth resemble those on the

premaxilla.

The articular is slightly larger than the dentary. Posteriorly it forms the outer

aspect of the articular facet. The endochondral articular (endosteal articular of

Ridewood 1904) is distinguishable by the spongy nature of the bone but it appears
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Fig. 66. Pterothrissus gissu Hilgendorf. Cranium in left lateral view.
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to be fused with the articular. The Meckelian cartilage rests on a ledge on the medial

face of the mandible. The sesamoid articular is partially embedded within the

cartilage.

Circumorbital series. The circumorbital series is composed of six infraorbitals,

three rostral ossicles, an antorbital and a supraorbital.

The orbital margin of the six infraorbitals is rolled laterally so forming a ventrally

incomplete tube round the sensory canal. The first infraorbital is large with a

rounded anterior margin. Much of the maxilla is covered by this element. Pos-

teriorly the first infraorbital partially overlies the second of the series but the

connection between these bones is flimsy and they separate easily. As is usual in

elopiforms the third infraorbital is the largest of the series. This element is angled

and the posterior margin exhibits a shallow indentation. The fourth and fifth

infraorbitals form a narrow inclined strut . The sixth infraorbital, or dermosphenotic,

has no direct contact with any other bone but lies free in the skin. In all, the

posterior infraorbitals are quite distinct from those of Albula, as may be seen by
comparing Text-figs. 66 and 80.

The antorbital is a narrow, elongate ossification which together with a similarly

shaped supraorbital forms a flexible strut serving to help expand and contract the

supraorbital nasal diverticulum. The importance of this strut in relation to the

functioning of the diverticulum has been noted by Derschied (1924) and Gosline

(1961). The three small rostral ossicles lie free from one another and from any
neighbouring bone. The margins of each ossicle are rolled over to contain the sensory

canal.

Opercular series. The shape of the operculum, suboperculum, preoperculum and
interoperculum may be seen in Text-figs. 65 and 66. The suboperculum is notable

in having a particularly long dorsally directed anterior wing which almost reaches

to the level of the opercular process of the hyomandibular. The interoperculum,

which resembles a branchiostegal ray, is joined anteriorly to the rear of the mandible

and posteriorly to the suboperculum by ligaments. The preopercular sensory canal

runs within a short bony tube dorsally and is protected ventrally by a large flange of

bone. The middle portion of this canal lies free in the skin.

Cephalic sensory canal system. The sensory canals of the head are more open than

in any other albuloid. For the most part the canals lie within troughs covered by
taut skin.

The supraorbital canal passes through the frontal for a very short distance, much
of its length being accommodated within the frontal trough. Anteriorly the supra-

orbital canal continues within the gutter-like nasal and ends blindly at the tip of

the dermethmoid. The supraorbital canal connects with its partner of the opposite

side through a large fenestra in the dermethmoid ridge. In two of three specimens

examined in this respect a single neuromast was observed in the skin at the base of

this fenestra (a feature previously noted by Gosline 1961) and this neuromast, like

others of the supraorbital canal, is supplied by the superficial ophthalmic nerve. In

the third specimen examined no neuromast could be seen.

The otic sensory canal lies within a groove upon the pterotic. Anteriorly the otic

canal joins the supraorbital and infraorbital canals in the skin immediately above the
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dermosphenotic. Posteriorly the otic canal joins the preopercular canal and the

supratemporal commissure at the postero-lateral angle of the pterotic. The lateral

line passes back through the supratemporal to open on the undersurface of that bone.

The infraorbital canal runs within the large infraorbital trough. Anteriorly the

canal splits into two branches : dorsally there is a short antorbital branch which

runs over the antorbital and ends blindly at the dorsal end of that element ; anteriorly

an ' ethmoid ' branch runs through the rostral ossicles before passing through the

premaxilla to end blindly within that bone. The triradiate union of the ' ethmoid '

branch, antorbital branch and the main infraorbital canal lies in the skin just anterior

to the first infraorbital. At one point, above the gap between the middle and
posterior rostral ossicles, the ' ethmoid ' canal and supraorbital canals are only

separated by membrane.
The course of the preopercular sensory canal has been described above. Ventrally

this canal continues within the deep trough upon the dentary and articular as the

mandibular sensory canal.

Hyoid arch and gill arches. The ceratohyal is separated by a band of cartilage

into a semicircular posterior element and a longer, waisted anterior ceratohyal.

Two hypohyals are represented by perichondral ossifications around a single large

cartilage. The smaller dorsal hypohyal articulates with the posterior face of the

basihyal and the ventral hypohyal receives a ligament from the urohyal. The
afferent hyoidean artery pierces the medial surface of the ventral hypohyal and
passes into a groove on the lateral surface of the anterior and part of the posterior

ceratohyal. Six branchiostegal rays are attached to the medial surface of the

ceratohyal elements. The uppermost (posterior) ray is the only member of the series

associated with the posterior ceratohyal.

The basibranchium is formed by a partially ossified basihyal and three separately

ossified basibranchials. The fourth basibranchial is entirely cartilaginous. The
basihyal tooth plate is large and bears approximately 15 pointed teeth posteriorly.

A large tooth plate overlies the first three basibranchials and like the fourth basi-

branchial tooth plate bears teeth similar to those upon the basihyal tooth plate.

The teeth associated with the basibranchium become smaller posteriorly.

The first two hypobranchials articulate with the posterior surface of their respective

basibranchials. The reduced third hypobranchial articulates with the centre of its

basibranchial. Of the five ceratobranchials the first three articulate with the distal

ends of the hypobranchials while the fourth and fifth are connected to the fourth

basibranchial by ligaments.

The dorsal arch elements are represented by epibranchials, infra- and supra-

pharyngobranchials. There are four epibranchials associated with the first four

ceratobranchials. The first epibranchial is simple, showing a double articulatory

head. The anteriorly directed head receives the posterior end of the small rectangu-

lar first infrapharyngobranchial. The posterior head of the epibranchial is directed

dorso-medially and articulates with a cartilaginous first suprapharyngobranchial.

The second epibranchial, like the third, shows a marked bifid head with the anteriorly

directed limb being larger than the dorso-medially directed process. The anterior

head articulates with the posterior margin, or in the case of the third epibranchial
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with the lateral margin, of their respective infrapharyngobranchials. The anterior

ends of the second and third infrapharyngobranchials have two heads, one directed

antero-medially, the other directed antero-laterally and joined by cartilage to the

epibranchial of the preceding arch.

The fourth epibranchial is unusual in showing three dorsal processes. Basically

this element has two heads, like the anterior epibranchials, but the posterior projec-

tion has become subdivided. The significance of this subdivision is not clear. The
fourth infrapharyngobranchial has the same relationship to its epibranchial support

as those anteriorly, but is represented by a simple semi-ovoid cartilage having no
connection with the antecedent epibranchial.

Upper pharyngeal tooth plates are associated with the second, third and fourth

infrapharyngobranchials. The third infrapharyngobranchial tooth plate is triangular

while the fourth is divided into two sections, one associated more closely with the

epibranchial, the other more closely associated with the infrapharyngobranchial.

In addition to the basibranchial and upper pharyngeal dentition there are tooth

plates associated with the oral surface of all cerato- and epibranchials and the first

two hypobranchials. The tooth plates associated with these elements appear to be

aligned in three rows, anterior, middle and posterior. The plates of the anterior

row of the first arch are modified into gill-rakers which consist of a bulbous, toothed

head supported on a slender stalk. The tooth plates of the posterior row on the

fifth ceratobranchial are enlarged to form the lower pharyngeal tooth plate. Each
tooth plate bears several pointed teeth.

Pectoral girdle and fin. The main body of the post-temporal is represented by a

flat plate of bone, pierced laterally by the lateral line. Two processes arise from the

ventral surface of the main body : projecting anteriorly there is a spinous epiotic

or dorsal limb, while ventrally there is a thicker intercalar or ventral limb.

The supracleithrum is elongate, rounded at both ends, and shows a slight indenta-

tion in the posterior margin. The lateral line passes obliquely through the upper

half of the bone. The cleithrum is large. Above the fin insertion the bone is ex-

panded to provide support for the large axillary scale. Anteriorly the cleithrum

is tapered and is joined to its partner by a strip of tough connective tissue. Through-

out its length the anterior margin of the cleithrum is turned medially providing a

broad area of insertion for the sternohyoideus musculature.

The coracoid is aliform and, unlike that of elopoids, does not extend to the tip

of the cleithrum. Between the anterior and posterior connections of the cleithrum

and coracoid there is a slit-like fenestra. The scapula is circular save for a deep

notch anteriorly which represents an incomplete scapular foramen. The meso-

coracoid is stout, particularly ventrally where it contacts the scapula and coracoid

through a large area of cartilage. As in most albuloids the anterior margin of the

mesocoracoid arch has contact with the cleithrum over much of its length.

All but the outermost pectoral fin-ray are supported by the four proximal radials,

which although of basic teleostean form, articulate with cartilage and are not, as is

usual, directly related to the scapula and coracoid. The outermost fin-ray arti-

culates both directly and indirectly with the scapula. Between the halves of the

outermost ray there is a small ovoid element consisting of an ossified core surrounded
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Fig. 67. Pterothrissus gissu Hilgendorf. Pectoral girdle of right side in medial view.

entirely by cartilage. In shape and disposition this radial resembles members of

the cartilaginous distal radial series. This partially ossified distal radial, together

with the base of the outermost fin-ray, fits into the depression upon the scapula.

Of the 16 pectoral fin-rays only the first is unbranched. Little may be said of the

length of the rays since the tips of the fin-rays were missing in all specimens examined.

To judge by the width, the second is the longest pectoral ray. A small pectoral

splint bone is associated with the base of the outermost ray. The proximal end of

the splint is turned slightly upwards and markedly inwards to contact the small

distal radial mentioned above. It is therefore unlike the pelvic splint bone in which
the proximal end lies free in the body musculature.
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Fig. 68. Pterothrissus gissu Hilgendorf. Caudal skeleton in left lateral view.

Arrows indicate upper and lower principal caudal fin-rays.

Pelvic girdle and fin. The pelvic fin originates mid-way between the snout and the

caudal peduncle. The fin is supported by a triangular pelvic bone. A narrow band
of cartilage forms a cap along the posterior margin of the pelvic bone. Only the

innermost pelvic radial is ossified. There are io pelvic fin-rays, the outermost

unbranched and the third apparently the longest. A large pelvic splint is associated

with the base of the upper half of the outermost (the first) fin-ray.

Vertebral column. Of the 107 vertebrae 35 are caudal. Each centrum is amphi-

coelous and pierced for the passage of the constricted notochord. Most centra

throughout the column are marginally deeper than long but the first sixteen and the

posterior three or four are almost twice as deep as long. The lateral surface of each

centrum is marked by several longitudinal ridges.

The neural arches are autogenous. Those upon the anterior 45 centra are ex-

panded distally and bear narrow neural spines. Throughout the abdominal region

the spines are represented by separate lateral halves. Short, stout, autogenous

parapophyses are found throughout the abdominal region. Those posteriorly are

somewhat longer than those anteriorly. The first complete haemal arch and spine

occurs on the seventy-sixth centrum.

The pleural ribs are short and slender and partially encircle the abdominal cavity.

Epineural intermuscular bones are associated with the first 67 neural arches. Those

associated with the first 49 are attached to the base of the neural arch, but thereafter
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they are inserted nearer to the distal end of the arch. Short epipleural intermusculars

are associated with the first 73 parapophyses. Anteriorly there are 11 sigmoid

supraneurals. The anterior members of the series are larger than those posteriorly.

Median fins. The dorsal fin is elongate, equal in length to half the standard length

and composed of 58-60 fin-rays. The first four fin-rays are unsegmented and un-

branched. The fifth is segmented and the sixth and those succeeding it are branched

at least twice. The fin-rays are supported by 56-58 pterygiophores. Most of the

pterygiophores are composed of separately ossified proximal, middle and distal

radials but the first two, which between them support four fin-rays, are formed by a

large compound radial and a separately ossified distal radial.

The anal fin originates beneath the seventy-fifth vertebra and is composed of

12 fin-rays of which the first three are unbranched and unsegmented, the next two
are segmented but unbranched while the rest are both segmented and branched.

The caudal fin is deeply forked and the margin of each lobe is rounded. Eight

centra, two ural and six preural, are involved in the support of caudal fin-rays. The
ural centra are as long as deep, sharply upturned and show little or no ornamentation.

The neural spines of the third to sixth and the haemal spines of the first to sixth

preural centra are longer and stouter than their anterior counterparts. These

structures also show the development of median wings basally. The neural spine

of the second preural centrum varies ; Gosline (1961) records a complete neural

spine but in the four specimens I examined there is only a half spine, as in the

specimen of P. belloci illustrated by Monod (1968). The neural arch of the first

preural centrum is represented by a thin ossified structure above which there is a

broad plate of cartilage which lies between the halves of the first uroneural posteriorly.

There are two narrow uroneurals. The first is long and the expanded proximal

end partially covers the first preural centrum. The second uroneural is shorter,

fails to overlap any centrum and extends beyond the distal tip of the first. Such a

uroneural disposition is typical for more advanced albuloids.

There are six hypurals. The first and second hypurals articulate with the first

ural centrum, the third and fourth are associated with the second ural centrum,

and the fifth and sixth lie free. The base of the third hypural is expanded and
partially encircles the centrum. The large gap between the second and third hypurals

is a typical feature of the pterothrissid caudal skeleton. The epurals are represented

by three splint-like elements forming a graded series.

As usual in ' lower ' teleosts there are 19 principal caudal fin-rays. The bases of

the innermost principal rays are not expanded and do not overlap the hypurals to

any significant degree (cf. elopoids). There are 14-16 basal fulcra dorsally and 7-8
ventrally. The anterior members of both series lie free in the musculature.

Squamation. The body is covered with cycloid scales. There are approximately

100 in the lateral line series while the transverse count at the origin of the dorsal fin

is 7 above and 8 below the lateral line. Precise counts are difficult because of the

condition of the specimens examined. Large axillary scales are associated with the

pectoral and pelvic fins.

Each scale is generally rounded but has a straight anterior margin. The posterior

margin is thin and frequently split. Lateral line scales, apart from a slight anterior
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prominence, differ little from the other body scales. The position of the nucleus of

the scale varies slightly according to the position of the scale on the body. Anterior

scales show an anteriorly situated nucleus. The converse is true of those scales

situated posteriorly. Five to eight short radii are found within the anterior field

of the scale but they do not reach the nucleus. Between the radii the anterior edge

of the scale is slightly scalloped. Radii are less numerous on lateral line scales and
the margins are generally smoother. The dorsal, ventral and anterior fields show
well-marked circuli. In the anterior field the circuli tend to break up to form
numerous backwardly pointing tubercles. All scales have enclosed bone cells

which are generally more numerous towards the edges of the anterior, dorsal and
ventral fields.

Genus ISTIEUS Agassiz, 1844

1844 Istieus Agassiz : 5, pt. 2, p. 91.

Diagnosis. Pterothrissid fish in which the interorbital distance is equal to one-

third of the length of the neurocranium. Parasphenoid tooth patch extending from

beneath the lateral ethmoid to the level of the parasphenoid ascending wings.

Maxilla bearing many teeth. Mandible with a weakly developed coronoid process

situated in the posterior third of the jaw. Dentary teeth larger than those of the

upper jaw.

Type-species. Istieus grandis Agassiz.

Istieus grandis Agassiz

(Text-figs. 70-73)

1833-44 Istieus grandis Agassiz : 5, pt 1, p. 13 ;
pt 2, p. 92, pi. 18.

1833-44 Istieus microcephalus Agassiz : 5, pt 1, p. 13 ; pt 2, p. 94, pi. 17.

1833-44 Istieus macrocephalus Agassiz : 5, pt 1, p. 13 ;
pt 2, p. 94, pi. 16 (lower figure) (errore).

1858 Istieus grandis Agassiz ; Marck : 246.

1858 Istieus microcephalus Agassiz ; Marck : 246.

1863 Istieus macrocoelius Marck : 37, pi. 4, figs. 1-5.

1863 Istieus mesospondylus Marck : 38, pi. 5, fig. 1.

1873 Istieus macrocoelius Marck ; Marck : 59, pi. 2, fig. 2.

1885 Istieus macrocoelius Marck ; Marck : 253.

1901 Istieus grandis Agassiz ; Woodward : 67.

1954 Istieus grandis Agassiz ; Siegfried : n, pi. 2, figs. 5, 6.

Diagnosis. Istieus reaching 550 mm S.L. Length of head 30 per cent S.L.,

maximum depth of body approximately 22 per cent S.L. Operculum one-and-a-half

times as deep as wide. 8-10 branchiostegal rays. Vertebrae 87-92, dorsal fin-rays

53-57-

Holotype. Imperfect fish, Museum National d'Histoire Naturelle, Paris, from
the Campanian of Sendenhorst, Westphalia, Germany.
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Material. Seventeen specimens in the B.M.N.H. from the Campanian of Senden-

horst, Westphalia, Germany. The fish are mainly preserved in impression in a

fine-grained, grey limestone. The bone, where present, is soft and poorly preserved.

In studying the material rubber casts were used.

Remarks. In a great many features there is close agreement between the anatomy
of Pterothrissus and Istieus. This similarity necessitates only a brief comparative

description of Istieus grandis.

Description. Neurocranium. The neurocranium, like that of Pterothrissus, is

long and shallow. The snout is less elongated than that of Pterothrissus and does

not exhibit the sharp anterior curvature. In dorsal view (Text-fig. 70) several

minor differences from Pterothrissus (Text-fig. 60) are evident ; the dermethmoid
and pterotic of Istieus are relatively smaller, the parietal is only marginally longer

than broad, and the frontal is wider, particularly above the orbit. As in Ptero-

thrissus, the dermethmoid bears a prominent median ridge supported anteriorly by
inclined struts, the lateral margin of the frontal is raised into a ' mudguard ' above

the eye and the posterior margin of the pterotic shows a narrow rebate for the

supratemporal commissure. In Istieus the nasal is represented by a long gutter-like

element, there being no evidence of two separate ossicles as in Pterothrissus.

A lack of detail in the snouts of all the specimens leads one to suppose that, as in

Pterothrissus, much of the ethmoid was cartilaginous. The lateral ethmoid of Istieus

is the same shape as that of Pterothrissus but relatively larger.

Little is known about the lateral wall of the otic region. B.M.N.H. P.3885a

shows an internal view of the right side, although little bone remains. This specimen

shows that the bulla which contained the sacculith is large, the subtemporal fossa is

deep and there is a deep depression posterior to the ascending wing of the para-

spenoid. In all that may be seen the lateral wall of the braincase is similar to that

of Pterothrissus.

The parasphenoid, as in Pterothrissus, is straight and narrow and runs from beneath

the lateral ethmoid to beneath the middle of the otic region. Woodward (1901)

stated that no parasphenoid teeth could be seen, but B.M.N.H. P.3885a clearly

shows their presence. There are many more teeth on the parasphenoid than in

Pterothrissus. Each tooth is conical with a rounded tip. The vomer is narrow and

edentulous but does not show the semicircular median ridge seen in Pterothrissus.

Hyopalatine bones. The hyopalatine series, as in all pterothrissids, is longer than

deep and the quadrate/mandibular articulation lies beneath the posterior half of the

orbit.

The shape of the hyomandibular is very similar to that of Pterothrissus but the

head is formed of thicker bone. Antero-ventrally the hyomandibular is partially

overlapped by the metapterygoid, a feature not seen in Pterothrissus. However,

the hyomandibular-metapterygoid foramen is developed in typical fashion. As in

Pterothrissus the inner surface of the metapterygoid is grooved for the reception of

the flattened symplectic.

The endopterygoid is relatively large and bears more teeth than in Pterothrissus.

The teeth all appear to be conical but they probably varied considerably in size as

witnessed by the irregular size of the alveoli in B.M.N.H. 35012. The topographical
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Fig. 70. Istieus grandis Agassiz. Neurocranium in dorsal view.

Composite of several B.M.N.H. specimens.
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relationships of the metapterygoid to the endopterygoid and ectopterygoid are

similar to those in Pterothrissus. The ectopterygoid bears few teeth and these are

considerably smaller than those on the endopterygoid or parasphenoid. The quad-

rate differs from that of Pterothrissus in being without a posteriorly directed spine.

The palatine was cartilaginous and covered anteriorly by a small dermopalatine.

Dermal upper jaw. The upper jaw extends back to behind the level of the lateral

ethmoid, in contrast to that of Pterothrissus. In shape and mode of articulation

both the premaxilla and maxilla are similar to those in the Recent genus. However,

the maxilla of Istieus bears more teeth and the single ovoid supramaxilla is rela-

tively larger. The lateral surface of the premaxilla shows one or two small sensory

pores.

Mandible. The lower jaw of Istieus is relatively longer than that of Pterothrissus

and results in the mouth being sub-terminal instead of decidedly inferior. Other

differences between the lower jaw of Istieus and Pterothrissus include : the position

of the coronoid process which is situated posteriorly in Istieus, the relatively smaller

size of the articular, and the size of the dentary teeth. In Pterothrissus the dentary

teeth are needle-like and of the same size as those on the premaxilla. Those of

Istieus are conical (it is admitted that the difference between conical and needle-like

is relative rather than absolute), larger and more robust than the premaxillary teeth

(Text-fig. 71).

Further features to be noted concerning the lower jaw of Istieus are the sites of

ligament insertion. Immediately anterior to the articulatory cup the posterior

margin of the articular is thickened for the insertion of the maxillary-mandibular

ligament. Finally, the posterior face of the articular (that area which may be termed

the retroarticular process, without the implication that a separate ossification is

present) is pitted to receive the interopercular-mandibular ligament.

Circumorbital series. This series is poorly known. The condition of preservation

makes it difficult to identify a supraorbital and the rostral ossicles, of which there

were probably three, have become so displaced as to render interpretation of their

spatial relationships impossible. The antorbital is a narrow splint-like element.

The infraorbital series is shown in Text-fig. 71. Although the suture lines between

the separate elements are not distinct on any specimen an overall resemblance with

Pterothrissus is evident. Certain minor differences occur : the first infraorbital of

Istieus grandis is relatively smaller, less rounded and does not bear a dorsal promi-

nence
;

posteriorly, at the ' elbow ' of the series, the margin is not produced in a

process and the sensory canal appears to have lain entirely superficial to the fourth

and fifth infraorbitals. These minor differences are overshadowed by the strong

points of similarity such as the small dermosphenotic, which is more closely asso-

ciated with the skull roof than with the other infraorbitals, the narrow posterior

infraorbitals and the large rolled margin.

Opercular series. A comparison of Text-figs. 71 and 66 shows a close similarity

between the constituent elements in Istieus and Pterothrissus. Two minor differ-

ences are apparent : the operculum of Istieus is smaller and the postero-ventral

part of the preoperculum is less expanded. The anterior limb of the suboperculum

of Istieus is smaller than in Pterothrissus.
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Cephalic sensory canal system. The sensory canals of the head were mainly con-

tained within open troughs. A comparison of Istieus with Pterothrissus shows a

similarity in basic design. On the skull roof the supraorbital canal of Istieus runs

for a greater distance within the frontal, opening to the surface of the bone above

the anterior half of the orbit. The otic sensory canal of Istieus is contained within

a groove, the walls of which are more complete than in Pterothrissus.

Hyoid arch and branchiostegal rays. The anterior ceratohyal of Istieus is relatively

longer than in Pterothrissus and this is reflected in a greater number of branchiostegal

rays. 8-10 branchiostegals are present in Istieus, the upper (posterior) two being

borne by the posterior ceratohyal. The variation in the number of branchiostegals

affects those placed anteriorly.

Each branchiostegal is broad, curved and marked by a prominent ridge which

expands proximally to form an articular head.

Posteranial skeleton. The impressions left by the pectoral girdle and fin are

imperfect but the observable details are similar to comparable structures in Ptero-

thrissus. The supratemporal is small and placed laterally, the cleithrum shows a

posterior expansion above the area of fin insertion and the anterior portion of the

cleithrum is narrow. The fin is composed of not less than 12 rays. In outline the

fin is rounded distally. A pectoral splint is associated with the base of the outermost

ray.

The pelvic girdle and fin are closely similar to those of Pterothrissus. The pelvic

fin originates beneath the thirty-eighth to forty-second vertebra.

The vertebral count varies from 87 to 92 in the few specimens from which reasonably

accurate counts could be made. The posterior 38-40 vertebrae are caudal, giving a

caudal/total ratio of 48 per cent, a figure considerably higher than in Pterothrissus

gissu in which this ratio is 32 per cent (Istieus macrocephalus has a caudal/total ratio

of 40 per cent). Even though there are relatively more caudal vertebrae in /.

grandis, the relative length of the caudal region is the same as in Pterothrissus,

a discrepancy due to the majority of the caudal centra in /. grandis being

shorter than the abdominal centra. /. macrocephalus, although having relatively

fewer caudal vertebrae than I. grandis, shows a relatively longer caudal region than

either I. grandis or Pterothrissus. The abdominal centra of /. macrocephalus are

considerably shorter than the caudal centra, the reverse of the situation in /. grandis.

The morphology of the neural arches and spines, the haemal arches and spines,

the parapophyses, pleural ribs, intermusculars and supraneurals is similar to that

described for Pterothrissus. In some specimens of Istieus irregularly shaped ridges

are seen passing upwards and backwards from the bases of the neural arches. These

ridges are interpreted as the impressions left by tough myocommata, a feature noted

in Pterothrissus.

Both the dorsal and anal fins are similar in shape, relative size and anatomy to

those of Pterothrissus. The differences are merely those of meristic counts.

The caudal skeleton of I. grandis is similar to Pterothrissus as may be seen by
comparing Text-figs. 72 and 68. The important points of similarity are : the orna-

mentation of the centra, the narrow neural and haemal spines, the two narrow uro-

neurals, the narrow hypurals with a large gap between the second and third, the
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Fig. 72. Istieus grandis Agassiz. Caudal skeleton in left lateral view.

Camera lucida drawing of B.M.N.H. 20586, fin-rays omitted.

unexpanded bases of the inner fin-rays and the unsegmented condition of nearly all

the basal fulcra. Dissimilarities are also evident : /. grandis shows only two epurals

(the caudal skeleton of I. macrocephalus is not known in this respect), the second

uroneural is relatively smaller, the first uroneural extends forwards to reach the

second preural centrum and there are more basal fulcra. In the specimen figured

(Text-fig. 72) hypural four is partially fused to the fifth hypural.

Istieus macrocephalus Agassiz

(Text-fig. 74)

1833-44 Istieus macrocephalus Agassiz : 5, pt 1, p. 13, pt 2, p. 93, pi. 16.

1863 ? Istieus macrocephalus Agassiz ; Marck : 39, pi. 4, fig. 6, pi. 5, fig. 3.

1 90

1

Istieus macrocephalus Agassiz ; Woodward : 70.

1954 1stieus grandis Agassiz ; Siegfried : n.

Diagnosis (emended). Istieus reaching 250 mm S.L. Operculum twice as deep
as wide. Six branchiostegal rays. Vertebral column with not more than 75
vertebrae. Dorsal fin with 41-44 rays. Body slender, with a narrow caudal

peduncle.
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Holotype. B.M.N.H. P.3892, a nearly complete fish exhibiting a dorso-ventrally

crushed cranium and lacking part of the tail. From the Campanian of Baumberg,
Westphalia, Germany.

Material. The holotype and B.M.N.H. 1275, a complete fish from the same
locality as the holotype. The specimens are preserved in a buff-coloured limestone.

Remarks. Agassiz (1835) separated /. macrocephalns from other species of the

genus on the basis of its larger head. This difference is more apparent than real.

The head length in the type-species and /. macrocephalus is similar, 30-34 per cent

of the standard length. The maximum depth of the head is also comparable. Marck

(1858, 1863) also recognized a species I. macrocephalus and followed Agassiz in quoting

the size of the head as the diagnostic character, but parenthetically it should be added

that the figure of I. macrocephalus given by Marck (1863 : pi. 4, fig. 6) shows a dorsal

fin-ray count unlike that of Agassiz's type specimen. Thus, /. macrocephalus

described by Marck may not be that of Agassiz (1835).

Woodward (1901 : 71) recognized /. macrocephalus as a good species, but made no
mention of head length. Instead he separated I. macrocephalus from the type-species

on the basis that it had fewer dorsal and anal fin-rays, that the anal fin arises behind

the dorsal and that the whole fish is of a more slender form.

The dorsal fin-ray count is decidedly lower (41-44 in /. macrocephalus, 53-57 in

/. grandis) and the fish is more slender, a feature probably giving the mistaken

impression of a larger head. In /. macrocephalus the body tapers more markedly

to a narrower caudal peduncle than in I. grandis. Contrary to Woodward's opinion

(1901 : 71) the anal fin actually arises in the same position relative to the dorsal fin

and vertebrae in both species, as may be seen by a comparison of Text-figs. 73 and

74. The apparent posterior insertion of the anal fin in the type specimen of /.

macrocephalus is due to the absence of the posterior dorsal fin-rays in the fossil.

Other differences include : the vertebral count, 87-92 in /. grandis, not more
than 75 in I. macrocephalus ; the operculum of /. macrocephalus is narrower (depth :

width ratio of this bone is 2 : 1 against 1-4:1 in the type-species) and has a more
oblique ventral margin ; there are only 6 branchiostegals in /. macrocephalus against

8-10 in I. grandis. Finally, the snout appears more rounded in /. macrocephalus,

but this may be due to distortion during preservation.

Thus, /. macrocephalus may be separated from the type-species on the shape of the

operculum, the number of branchiostegal rays, dorsal fin-ray and vertebral counts

and the caudal peduncle depth. The general trend in Pterothrissidae appears to

be towards elongation of both the vertebral column and dorsal fin. In this respect

/. macrocephalus is more primitive than /. grandis ; in contrast, the lower number of

branchiostegal rays would suggest that /. macrocephalus is more specialized than I.

grandis.

Remarks on other species

Two other species of Istieus have been described, I. gracilis Agassiz from the

Campanian of Sendenhorst and I. lebanonensis Davis from the Upper Santonian of

Sahel Alma in the Lebanon.
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Istieus gracilis, so named because of the apparent slender form of this species, was
considered by Woodward (1901) to represent specimens of I. grandis which had
become distorted during preservation. I have examined neither the holotype nor

many specimens which have been referred to this species. Two examples preserved

in a single slab (B.M.N.H. P.3889), which were compared by Woodward (1901) to

forms described as /. gracilis, show meristic counts similar to those of /. grandis.

The evidence available to the author is not sufficient either to include the ' /. gracilis
'

form with the type-species or to recognize a distinct species. Siegfried (1954 : 11)

recognizes /. gracilis on the basis of the slender body form.

Istieus lebanonensis is known only from the holotype, which is poorly preserved.

Little may usefully be added to the descriptions given by Davis (1887) and Woodward
(1901). The size and dorsal fin-ray count are closer to those of /. macrocephalus

than /. grandis.

Affinities of the genus Istieus

Istieus was placed by Agassiz (1833-44) m the family Esocoides as the only

marine genus in an otherwise freshwater group of fishes. In establishing the genus

Agassiz (op. cit.) recognized four species, /. grandis, I. macrocephalus, I. gracilis and
I. microcephalus. With the exception of /. macrocephalus the descriptions and figures

given by Agassiz do not justify separation at the species level.

Marck (1863) followed Agassiz, both with regard to familial placement and the

recognition of several species, but he later (1873) combined /. grandis and /. micro-

cephalus in a single species to which he gave the name /. macrocoelius. Such an
action is contrary to the rules of nomenclature. Marck (1863) also established a new
species, /. mesospondylus , which is here considered a synonym of the type-species.

Woodward (1901) recognized two species from Westphalia (/. grandis and I.

macrocephalus) and another from Sahel Alma (/. lebanonensis). These are the only

species recognized here. Woodward (1901) placed the genus in the Albulidae to

which it is clearly related.

Istieus is very similar to the extant Pterothrissus, a view expressed by Woodward
(1901) who stated that the two genera are not easily distinguished from one another.

This similarity is endorsed by Greenwood et al. (1966) and Goody (1969b). Differ-

ences that do exist between the genera are minor. Many have been mentioned

above in the description of Istieus grandis. The more important differences are

mainly in degree, not absolute : thus Istieus shows a larger head ; a wider skull

roof ; a more terminal mouth ; a smaller first infraorbital which reaches well for-

ward ; more extensive parasphenoid teeth ; more teeth on the endopterygoid and
(particularly) the ectopterygoid ; and finally more teeth on the maxilla. In all

these respects Istieus may be considered more primitive than Pterothrissus. Absolute

differences between the genera are few. Istieus shows a difference in tooth size

between those teeth borne by the upper and lower jaws, a well-developed ridge

upon the metapterygoid, two epurals and a posteriorly situated coronoid process.

In contrast Pterothrissus has premaxillary and dentary teeth of equal size, no well-

defined ridge on the metapterygoid, three epurals and an anteriorly situated coronoid

process.
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Except for the lower number of epurals and possibly the differentiation in tooth

size, Istieus is the more primitive of the two genera. Both these features may not

necessarily be of generic significance because the lower jaw dentition and the caudal

skeleton of I. macrocephalus and I. lebanonensis are poorly known.

Apart from the differences mentioned above there are morphometric and meristic

dissimilarities, but there appears to be as much intrageneric variation within

Istieus as there are intergeneric differences between it and Pterothrissus.

The minor differences between Istieus and Pterothrissus are far outweighed by
the many important features of similarity in neurocranial anatomy, the hyopalatine

series, the infraorbital series, the dermal jaws, the form of the teeth, the cephalic

sensory canal system and the fins (particularly details of the caudal skeleton).

The great similarity in form leads one to ask whether it would be advisable to

regard Istieus and Pterothrissus as congeneric. Such a question can only be answered

subjectively. Considered alone, none of the differences mentioned above would
separate these forms at the generic level, but the nature and sum of the differences

lead me to suppose that Istieus is markedly more primitive, to a degree that can only

be appreciated by conferring generic status on the Cretaceous forms.

Genus HAJULIA Woodward, 1942

1942 Hajulia Woodward : 557.

Diagnosis. See Woodward (op. cit.).

Type and only species. Hajulia multidens Woodward.

Hajulia multidens Woodward

1942 Hajulia multidens Woodward : 557, pi. 6, fig. 3.

Diagnosis. See Woodward (op. cit.).

Holotype. Nearly complete fish, no. 100509 in the American University,

Beirut, from the Middle Cenomanian of Hajula, Lebanon.

Remarks. Hajulia, from the Middle Cenomanian of Hajula, was considered an

albuloid by Woodward (1942) who suggested a relationship with Istieus.

The pterothrissid nature of Hajulia is indicated by the following features : the

rounded trunk as evidenced by the presence of short, curved pleural ribs ; the shallow

neurocranium which exhibits a slightly elongated snout ; the mouth which is slightly

inferior, and the toothed maxilla which bears a single supramaxilla ; the palatal

dentition in the form of large conical teeth on the parasphenoid, endopterygoid and

possibly the basibranchium. The coronoid process is placed posteriorly, as in

Istieus, and the quadrate/mandibular articulation lies beneath the posterior half of

the orbit. There are less than 10 branchiostegals, although the exact number is

not known.

Between the occiput and the dorsal fin there is a complete series of slender supra-

neurals. The dorsal fin itself is slightly elongated, situated in the centre of the back,

and in profile resembles that of Istieus and Pterothrissus.
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The caudal skeleton has six slender hypurals and a half neural spine on the second

preural centrum. The neural and haemal spines are not expanded, in contrast to

those in albulids. Preceding the upper and lower principal rays there is, as in Istieus

and Pterothrissus, a series of very slender basal fulcra. Two B.M.N.H. specimens

(P. 13905 and P. 13906), although reasonably well preserved in the caudal region,

show no caudal scutes as recorded by Woodward (1942). In contrast to other

pterothrissids, there are three uroneurals.

The vertebral column, with 50-55 vertebrae, is shorter than in other pterothrissids,

but other features, although of a primitive nature, agree with this group. The
anal fin is very short, consisting of only seven rays, unlike the longer anal fin of

Istieus and Pterothrissus.

The pectoral girdle of Hajulia, with the fin inserted just beneath the level of the

vertebral column, is unlike that of the pterothrissids. In this, and the shape of

the ventral part of the cleithrum, there is a resemblance to the tselfatioids (sensu

Patterson 1967c), but there is nothing else about Hajulia to suggest such an affinity.

The sum of these briefly noted morphological characters indicates that Woodward's

(1942) suggested affinity of Hajulia was correct. However, incomplete knowledge

of Hajulia precludes anything but a tentative assignment to the Pterothrissidae,

and in consequence a fuller discussion of this genus is omitted.

Family ALBULIDAE Bleeker, 1859

Diagnosis. Albuloid fishes in which the snout is elongated, mouth inferior.

Ethmoid commissure incomplete, running through premaxillae. Supraorbital

sensory canal not extending onto parietal. Occipital condyle formed by basioccipital.

Interorbital septum ossified. Lateral ethmoid sutured with broad parasphenoid.

Parasphenoid and endopterygoid with a prominent crushing dentition opposed by
similar dentition upon the basibranchial tooth plate. Basihyal tooth plate eden-

tulous or absent. Vomer, dermopalatine, premaxilla and dentary with small needle-

like teeth. Posterior infraorbitals broad, covering cheek. Supraorbital small.

Hyomandibular-metapterygoid foramen present. Premaxilla tightly bound to

mesethmoid ; maxilla moving independently, a single supramaxilla. Mandible
with low coronoid process situated posteriorly ; articular and endosteal articular

ossified separately. Branchiostegals more than 12 in number. Gular plate present.

Dorsal and anal fins short based. Caudal skeleton with a full-length neural spine

associated with the second preural centrum, two uroneurals. Inner caudal rays

of each lobe without expanded bases. Caudal scute present above and below
peduncle.

Genus ALBULA Scopoli, 1777

For synonymy see Hildebrand (1963).

Diagnosis (emended). Albulid fish in which the mouth is decidedly inferior,

the maxilla is edentulous and extends to the anterior margin of the eye. Quadrate/
mandibular articulation beneath anterior half of the orbit. Gular plate very small
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and disposed vertically. Vertebral column of 72-76 vertebrae. Caudal centra as

long as deep and marked laterally by two grooves. Dorsal and anal fins without

elongated terminal fin-ray. Caudal fin without fringing fulcra, preural neural

spines expanded antero-posteriorly. Dorsal fin situated in the centre of the back.

Anal fin nearer to the caudal peduncle than to the pelvic fin.

Type-species. Esox vulpes Linnaeus.

Albula vulpes (Linnaeus), 1758

(Text-figs. 75-84)

For synonymy see Hildebrand (1963).

Diagnosis (emended). Albula in which the preorbital distance is considerably

less than half the total neurocranial length. Quadrate/mandibular articulation

beneath the lateral ethmoid. Parasphenoid, endopterygoid and basibranchial

teeth of variable size, there being a decrease in average tooth size towards the edges

of all tooth plates. Depth of neurocranium at the autosphenotic level equalling

26-28 per cent of the neurocranial length. Sub-epiotic fossae without ridges along

the medial borders. Operculum slightly deeper than wide. Cranial roofing bones

smooth. Dorsal fin with 17-19 rays, anal with 8-9.

Habitat. All tropical and subtropical seas ; in shallow water. Hildebrand

(1963) gives a general account of Albula vulpes and refers to literature on the biology

and ecology of the species.

Remarks. Albula vulpes is often cited in literature. The descriptions of the

cranium given by Ridewood (1904) and of the tail given by Hollister (1936) are

particularly good. The comparative description given below is intended to supple-

ment those works.

Description. Neurocranium. The relative dimensions of the neurocranium

are similar to those of Pterothrissus . Thus it is long and shallow, the snout is narrow,

the otic bullae are large, the subtemporal and sub-epiotic fossae are deep and the

small post-temporal fossae are inclined antero-medially. As in all albulids the

neurocranium is more heavily ossified than in Pterothrissus.

The skull roof (Text-fig. 75) shows several features commonly met with among
albulids. The frontal is large with a deep trough anteriorly. Posteriorly the frontal

reaches well back resulting in a small pterotic and parietal. The parietal is broader

than long and of irregular shape. The nasal is large and in some specimens is

ossified in two units, an anterior and posterior nasal ossicle.

The dermethmoid is of a more complicated shape than it is in pterothrissids.

The dermethmoid of A. vulpes is raised to form a median ridge which, as in ptero-

thrissids, is braced anteriorly by inclined struts. Anteriorly the dermethmoid
ridge is widest dorsally where it shows a well-marked central groove that is covered

in life by taut skin. Posteriorly the walls of this groove form ridges which pass

postero-laterally and ' fade out ' on the frontals. At the point where the ridges
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Fig. 75. Albula vulpes (Linnaeus). Neurocranium in dorsal view. Course of sensory

canals shown by dotted line on left side. Composite of several B.M.N.H. specimens.

converge there is a deep, anteriorly directed pit which ends blindly within the body
of the dermethmoid ridge. The ethmoid cartilage is ossified at its extreme anterior

end in older individuals where perichondral bone surrounds spongy endochondral bone.
Anteriorly the mesethmoid bears two articulatory facets set one above the other.

Both facets are for articulation with the premaxilla. Pterothrissus has a single

premaxillary facet.
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Fig. 76. Albula vulpes (Linnaeus). Neurocranium in posterior view.

Composite of several B.M.N.H. specimens.

In posterior view (Text-fig. 76) the neurocranium shows large sub-epiotic fossae,

small post-temporal fossae and large otic bullae. The supraoccipital is relatively

larger than in Pterothrissus, due to its more extensive ossification. Two further

features of interest in the posterior neurocranial wall of A. vulpes are the small
' isolated ' portion of the pterotic and the foramen between the epiotic and supra-

occipital. The ' isolated ' portion of the pterotic represents the wall of the caecal

end of the subtemporal fossa. Such a condition of the pterotic appears to be unique

among lower teleosts, but in these the subtemporal fossa is rarely as deep, and even

more rarely is it associated with a deep sub-epiotic fossa. The foramen between the

supraoccipital and epiotic is occupied by epaxial musculature passing through to the

post-temporal fossa.

The intercalar is small, as usual in albuloids, with little extension on the lateral

face of the neurocranium. Posteriorly the surface of the intercalar bears ridges

for the insertion of the tendon from the post-temporal.

The lateral neurocranial wall has in part been described by Ridewood (1904).

Significant points are the depth of the roofed dilatator fossa ; the posteriorly placed

opening of the jugular canal, close to the suture between the prootic and exoccipital

;
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Fig. 78. Albula vulpes (Linnaeus). Neurocranium in ventral view.

Composite of several B.M.N.H. specimens.
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Fig. 79. Albula vulpes (Linnaeus). Hyopalatine series of left side in lateral view.

Composite of several B.M.N.H. specimens.

the development of a ridge running antero-ventrally across the otic bulla from beneath

the hyomandibular foramen, providing an anchorage point for branchial muscula-

ture ; and the deep excavation at the base of the ascending process of the para-

sphenoid. This excavation is seen in other albuloid fishes although its significance

is by no means clear. Postero-dorsally to the opening for the hyomandibular trunk

there is often seen in large specimens (e.g. B.M.N.H. 83. 12. 15. 106) a foramen which

leads directly to the cranial cavity. Since this foramen is not a constant feature

it cannot be of any great significance.

Within the orbit Albula shows a completely ossified interorbital septum which is

sutured with a greatly expanded basisphenoid stem. Anteriorly the lateral eth-

moid is large and stout, totally unlike that element in pterothrissids. Ventrally

the lateral ethmoid is sutured with a thin lateral wing of the parasphenoid. The
lateral ethmoid also bears a rounded articulatory area which articulates with the

posterior process of the palatine.

The parasphenoid is wide throughout much of its length and bears many hemi-

spherical teeth. Each parasphenoid tooth is smooth. The tooth size varies con-

siderably throughout the toothed area but generally those teeth towards the rear

of the patch are substantially smaller than those anteriorly. The vomer bears

three or four rows of needle-like teeth which are inserted on a short pedicel.

Hyopalatine bones. The hyopalatine series is very much like that of Pterothrissus.

The series is long and shallow ; the hyomandibular slopes forward and between it

and the metapterygoid there is a large foramen ; the quadrate shows a posterior

spinous process and the ventral margin lies almost horizontally ; the symplectic is

flattened and lies against both the metapterygoid and quadrate ; the autopalatine

is long and overlies much of the ectopterygoid.

The palatine remains largely cartilaginous, except in larger individuals. Two
processes of the palatine begin to ossify early ; anteriorly there is a rounded ethmoid
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Fig. 80. Albula vulpes (Linnaeus). Cranium in left lateral view.

Composite of several B.M.N.H. specimens.

process articulating with the mesethmoid ; posteriorly there is a large posterior

(lateral ethmoid) process. The precocious ossification of these processes should

not be interpreted as two embryonic divisions as Ridewood (1904 : 51) implied.

Rather, these processes ossify early in response to a functional need. The dermo-

palatine is larger than in pterothrissids and carries many more teeth. The ectoptery-

goid is relatively large (cf . Pterothrissus) and bears a well-developed process upon its

lateral surface. Ridewood (1904 : 51) reports the presence of a few ectopterygoid

teeth but I have seen no example with teeth. The dentition of the endopterygoid

is similar to that on the parasphenoid.

Dermal upper jaw. The upper jaw is formed by the premaxilla and the maxilla,

the latter taking little part in the functioning of the jaw. The premaxilla bears on

its outer surface a series of struts which form an incomplete outer wall to the pre-

maxillary sensory canal. Anteriorly the premaxilla articulates with the ethmoid

region by two medially directed heads, one above the other. Such a double articula-

tion is not found in other albuloids and probably arose by a subdivision of a single

elongate facet like that in Pterothrissus. The double articulation makes union

with the ethmoid very strong and virtually immovable. The oral border of the

premaxilla bears a band of fine, pointed teeth.

The edentulous maxilla is narrow anteriorly, but deepens posteriorly where it

is partially overlapped by a single supramaxilla. The anterior end of the maxilla

is turned inwards and is slightly swollen where it forms two rounded prominences.



FOSSIL AND RECENT 161

The dorsal prominence probably corresponds to the palatine projection seen in

elopoids and osmeroidids ; the ventral projection corresponds to the maxillary head.

The maxilla is capable of moving independently of the premaxilla.

Mandible. The mandible is short, with a deep coronoid process situated pos-

teriorly and a narrow symphysis. Both the endosteal articular and the sesamoid

articular are large. The mandibular sensory canal is contained within a deep trough

on the dentary and dermarticular. The dentition consists of a band of fine needle-

like teeth on the dentary.

Circumorbital series. The supraorbital and antorbital are slender and form a thin

strut, as in Pterothrissus. Two rostral ossicles lie anterior to the first infraorbital

and as in other elopiforms are barely larger than the contained sensory canal.

The infraorbital series of Albula is typical of that of other albulids but differs

somewhat from that series in the Pterothrissidae. The posterior infraorbitals are

wide and completely cover the cheek region. The dermosphenotic is large, its

posterior margin continuing that of the fifth infraorbital. As in Pterothrissus the

infraorbital margin is rolled, but in A. vulpes the sensory canal is better protected

by bone (cf . Text-figs. 80 and 66)

.

Cephalic sensory canal system. The system of canals upon the head is mainly

contained in large troughs. The supraorbital canal runs within the frontal from the

level of the autosphenotic to the level of the lateral ethmoid. Anterior to this the

canal continues in the frontal trough and the nasal ossicle(s) to end blindly anteriorly.

Gosline (1961) records a single median cavity separated from the supraorbital canal

of either side by membrane. The epithelium lining this cavity appears to be supplied

by a fine branch of the facial nerve and could therefore be related to the supraorbital

canal.

The otic division of the cephalic sensory canal runs within the pterotic parallel

to its dorso-lateral edge. The canal opens posteriorly by two pores, one directed

laterally and joining with the preopercular canal, the other directed posteriorly and
receiving the supratemporal commissure and the lateral line. Innervation of the

otic canal is from two sources : anteriorly the otic branch of the facial pierces

the autosphenotic, and posteriorly a supratemporal branch of the vagus pierces the

lateral wall of the dilatator fossa.

The lateral portion of the supratemporal commissure is contained within the supra-

temporal while the middle section lies in the skin. Neither the pterotic nor the

parietal is grooved, as they are in Pterothrissus.

Hyoid arch, gill arches and gular plate. The ceratohyal consists of a stout posterior

element and a longer but narrower anterior element. The latter bears a deep groove

on the lateral surface for the reception of branchiostegal rays. The afferent hyoidean

artery does not pierce either hypohyal ; instead it passes upwards within the cerato-

hyal and runs back along a groove on the dorsal edge of the anterior ceratohyal. Of

the 15 branchiostegal rays, the anterior three lie free in the branchiostegal membrane.
The gill arches are very similar to those of Pterothrissus. Minor differences that

do exist concern the teeth borne by the basibranchial tooth plate. In Albula vulpes

these teeth are hemispherical, irregular in size and show no pattern of size distribu-

tion. A basihyal tooth plate is absent.
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Fig. 82. Albula vulpes (Linnaeus). Pectoral girdle of right side in medial view.

Composite of several B.M.N.H. specimens.

A small gular plate is seen in some specimens (Nybelin 1960), notably the larger

individuals. Unlike the gular plate of other albuloids that of A. vulpes is vertical.

Pairedfins. All bones composing the pectoral girdle (Text-fig. 82) are stout. The
main body of the post-temporal is longer than wide and is produced into three pro-

cesses, an epiotic (dorsal) limb, an intercalar (ventral) limb and a third limb which
projects into the lumen of the post-temporal fossa and is embedded within epaxial

musculature. The supracleithrum is the usual elongate element.

Many features of the ventral parts of the pectoral girdle are similar to those of

Pterothrissus. The cleithrum is broad above the fin insertion but becomes narrow
antero-ventrally ; the coracoid does not extend to the tip of the cleithrum ; an

interosseous foramen is absent (in Pterothrissus it is very small) ; the scapula fails
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completely to enclose the scapular foramen ; and, finally, the anterior edge of the

mesocoracoid fits tightly against the inflected margin of the cleithrum. The ventral

end of the mesocoracoid is bifurcated, producing a foramen between the mesocoracoid

and the coracoid. As in other parts of the skeleton the pectoral girdle of A . vulfies

is more extensively ossified than that of Pterothrissus.

There are three postcleithra, the lowermost having a characteristic shape (Text-

fig. 82).

The disposition, size and shape of the pectoral radials is similar to that described

for Pterothrissus. There are 16-17 pectoral fin-rays of which all except the outermost

are branched. A triangular pectoral splint is associated with the outermost ray.

The pelvic fin arises beneath the posterior half of the dorsal fin and is supported

by a triangular pelvic bone. Anteriorly the pelvic bone is thin, but posteriorly it

becomes considerably thicker and the hind margin is capped by cartilage with which

the pelvic rays articulate. Medially, the base of the pelvic bone is produced as an
' ischial process '. There are 10 pelvic fin-rays, the outermost unbranched. As-

sociated with the upper half of the first ray is a long splint bone, the proximal end

of which is curved sharply upwards. Whitehead (1963 : 744, fig. 3a) shows the pelvic

splint to be a double structure composed of an upper and lower portion. I could

not find any convincing example of such a double structure in any B.M.N.H.
specimen.

Median fins. The dorsal is situated nearer to the occiput than to the caudal

peduncle and is composed of 17-18 rays, the anterior five of which are unbranched.

The fin is supported by 15-16 pterygiophores. In older specimens successive ptery-

giophores appear to be fused distally.

The small anal fin is remote and composed of nine rays (occasionally eight)

supported upon seven pterygiophores. Like the pterygiophores of the dorsal fin,

the distal extremities may become fused in older specimens.

Vertebral column. The only complete vertebral count available to me (B.M.N.H.

83. 12. 15. 106) showed 67 vertebrae of which 23 are caudal. Hildebrand (1963 : 134)

gives the range of vertebral counts for the western North Atlantic forms as 72-74.

All centra except the first 17 are as deep as long, the exceptional centra being deeper

than long. Each centrum is marked laterally by a stout horizontal bar flanked by
deep grooves. The centra bear deep pits dorsally and ventrally for the reception of

neural arches and parapophyses or haemal arches respectively.

The bases of the neural arches are produced anteriorly and posteriorly forming

small zygapophyses. The first 31 neural arches and spines remain distinct from their

fellows of the opposite side and bear separate neural spines. Thus these vertebrae

show a double neural spine.

The parapophyses of the first 44 centra show an elongate area which is inclined

antero-ventrally and serves, with a facet on the centrum, for the articulation of the

pleural rib. The posterior 12 parapophyses gradually increase in length and support

a series of progressively shorter pleural ribs.

The neural and haemal spines of the caudal region are short. Those associated

with the posterior centra are expanded in the sagittal plane and aid in supporting

the caudal fin-rays. Preceding the first dorsal pterygiophore there is a series of
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Fig. 83. Albula vulpes (Linnaeus). Caudal skeleton in left lateral view. Arrows indicate

upper and lower principal fin-rays. Composite of several specimens.

supraneurals. Each is sigmoid in shape, with the anterior ones considerably stouter

than the posterior members of the series.

Epineural intermuscular bones are borne by the neural arches throughout most of

the abdominal and caudal regions. Epipleurals are found in the posterior abdominal

region and grade posteriorly into a ventral series found throughout the caudal region.

Squamation. Lateral line scale counts vary considerably. Specimens from both

coasts of Central America give counts ranging from 71-77. Hildebrand (1963 : 134),

who based his counts on specimens from the western North Atlantic, records a range

of 65-67. It may be mentioned here that an Aden specimen (B.M.N.H. 1962.3.26.9)

also differs from the western Atlantic and eastern Pacific specimens in having 19
dorsal fin-rays. Hildebrand (1963) observed that only occasionally do Atlantic

specimens show such a high count. Regrettably the dorsal fin of a Seychelles speci-

men was broken and accurate counts could not be made.
The branchiostegal ray count also varies with respect to geographical distribution

(McAllister 1968 : 37) being higher in fishes from India and the Indo-Australian

Archipelago. These biometrical differences may justify the recognition of a second

Recent species.

Returning to squamation, the transverse count immediately anterior to the dorsal

fin is eight above and nine below the lateral line row, excluding a median row of small
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Fig. 84. Albula vulpes (Linnaeus). Entire skeleton, scales omitted.

scales which extends from the occiput to just behind the dorsal fin. The general

body squamation consists of thin cycloid scales, more or less square in shape, with

three to four basal radii and four to five basal lobes. The posterior edge of the

exposed field is often broken due to the thinness of the scale. The surface of the

scale is marked only by circuli.

The modified scale row in the mid-dorsal line consists of oval scales, whose length

considerably exceeds their width. The bases of all fins are covered by scales.

Axillary scales are present at the bases of the pectoral and pelvic fins. Bone cells

are present in the scales.

Albula oweni (Owen)

(Text-figs. 85-87)

1840 Pisodus owenii Owen : 138, pi. 47, fig. 3.

1844 Pisodus owenii Owen ; Agassiz : 2, pt 2, p. 247 (name only).

1854 Pisodus owenii Owen ; Owen : 167.

1891 Pisodus oweni Owen ; Woodward : 108, pi. 3, figs. 3-5.

1893 Pisodus oweni Owen ; Woodward : 357, pi. 17.

1901 Albula oweni (Owen) Woodward : 60, pi. 4, figs. 1, 2.

1908 ? Albula oweni (Owen) ; Priem : 82, fig. 38, pi. 4, fig. 12.

1946 Albula oweni (Owen) ; Casier : 122, pi. 3, fig. 12.

1952 Albula oweni (Owen) ; Arambourg : 242, pi. 37, figs. 1-6.

1966 Albula oweni (Owen) ; Casier : 133, pi. 13, fig. 4.

Diagnosis (emended). Albula in which the preorbital part of the neurocranium

is equal to half the total neurocranial length. Quadrate/mandibular articulation in

advance of the level of the lateral ethmoid. Parasphenoid teeth of the same size

throughout the toothed area. Depth of the neurocranium at the autosphenotic

approximately 35 per cent of the neurocranial length. Opercular bone twice as

deep as wide. Ornamentation in the form of coarse rugosities present on the lateral

edges of the frontals above the orbit and on the quadrate.
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Fig. 85. Albula oweni (Owen). Neurocranium in dorsal view. Course of sensory canals

shown by dotted line on left side. Based on B.M.N.H. 39439.
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Fig. 86. Albula oweni (Owen). Neurocranium, posterior view of dorsal half.

From B.M.N. Ff. 39439.

Holotype. Parasphenoid ; in the collection of the Royal College of Surgeons,

London. From the London Clay (Ypresian) of Sheppey, Kent, England.

Material. B.M.N.H. 39439, P.9158, and various isolated teeth, teeth with sup-

porting bones, and a decaying specimen of the viscerocranium, all from the London
Clay (Ypresian) of Sheppey. Postcranial remains are unknown.

Horizon and locality. Lower Eocene of S.E. England, France, Belgium and

N. Africa, and Middle Eocene of Belgium.

Descriptive remarks. Woodward (1901) distinguished A. oweni from A. vulpes

by the relative lengths of snout to frontal notch in the two species. The frontal

notch in Albula occurs at the hind margin of the lateral ethmoid and is thus compar-

able with the preorbital distance, a feature used here.

Several other neurocranial features distinguish A. oweni from the type-species.

In dorsal view the skull roof of A. oweni shows a marked median frontal depression

at the level of the autosphenotic spine. Such a depression is suggested in A.

vulpes, but it never attains the same relative proportions. Perhaps its development

is a consequence of absolute size, this being greater in A. oweni. Above the orbit,

the frontals exhibit a rugose ornamentation not seen in the extant species. Such

ornament is seen in the Osmeroididae where it is often (Osmeroides lewesiensis) more

extensive. Apart from these minor differences the skull roof of A. oweni (Text-fig.

85) is very similar to that of A. vulpes (Text-fig. 75).

The posterior neurocranial wall shows well-developed sub-epiotic fossae (an

albuloid feature) which are bordered medially by stout vertical ridges (a feature

typical of the osmeroidids but not found in A. vulpes). The supraoccipital of A.

oweni (Text-fig. 86) is of different proportions to that of A. vulpes and there is a small

interspace between the supraoccipital and exoccipitals. Neither an ' isolated
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portion ' of the pterotic (p. 156) nor a foramen between the supraoccipital and
epiotic could be identified in A . oweni.

The depth of the neurocranium at the autosphenotic spine is relatively greater in

A . oweni than in A . vulpes. The lateral neurocranial wall of A . oweni is incompletely

known from a single specimen, and comparison with the extant species is difficult

as features of individual variation cannot be taken into account. However, a few

remarks are necessary.

The region which is occupied by the saccular swelling in A. vulpes is depressed

and perhaps represents the point to which an arm of the swimbladder reached. In

A. vulpes the swimbladder diverticulum, although of variable development (Green-

wood 1970a), never reaches as far forwards as this point.

The subtemporal fossa of A . oweni is considerably larger than in A . vulpes and a

horizontal ridge forms its ventral border. In A. vulpes no such ridge exists.

The posterior opening of the jugular canal (pars jugularis) lies, as usual, within

the prootic bone, but in A. oweni the opening is situated far forwards, whereas in

A. vulpes it is close to the posterior margin of the prootic. The specimen of A. oweni

shows a lateral bridge of bone spanning the jugular groove behind the posterior

opening of the pars jugularis. A greater anterior development of this lateral bridge

would eventually meet the lateral commissure and produce the same spatial rela-

tionship of the posterior opening of the jugular canal as in A. vulpes. This develop-

ment of a bridge, which may otherwise be thought of as a fenestrated lateral

commissure, is in all probability subject to individual variation.

Lying antero-ventral to the posterior opening of the pars jugularis is a large

postero-ventrally directed boss ; in the type-species there is only a stout ridge. The

25mm

foa par

Fig. 87. Albula oweni (Owen). Neurocranium in right lateral view.

Based on B.M.N.H. P.9158 and 39439.
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tip of this boss in the prepared specimen (B.M.N.H. 39439) is spongy, suggesting that

it was capped by cartilage. This boss probably received branchial musculature,

as does the corresponding ridge in A. vulpes.

The dentition on the parasphenoid and vomer is very similar in both species, yet

there are small differences. The parasphenoid teeth of A. vulpes show a gradation

in average size from large anteriorly to smaller posteriorly where they also become
more conical in shape. Parasphenoid teeth in A. oweni are constant in shape and
size throughout their extent. The vomer of both species bears a small, raised,

transversely orientated tooth patch of small needle-like teeth. A specimen of A.

oweni (B.M.N.H. 30528) shows this tooth patch to be partially subdivided into right

and left halves (Woodward 1901 : pi. 4, fig. 2) suggesting the origin of the undivided

condition in A . vulpes from paired elements.

The quadrate/mandibular articulation of A. oweni lies relatively further forward

than in the type-species. The lower jaw is shorter, a feature accentuated by the

relatively longer snout. A consequence of the greater suspensorial angle (Gregory

1933) is that the horizontal limb of the preoperculum is longer than the vertical limb.

In A . vulpes the limbs are of equal length.

The differences mentioned above are minor and serve only to distinguish A . oweni

as a distinct, but closely related species. To determine which is the more primitive

is not easy. There are several differences which appear to have little or no sig-

nificance in this case, such as the median frontal depression, deeper neurocranium

and shorter jugular canal in A. oweni.

A. oweni appears more specialized than A. vulpes in having a relatively longer

snout and a more forwardly positioned quadrate/mandibular articulation. In

other features, however, there is a greater resemblance to the primitive Osmeroides,

for example, the ornamentation, the ridge at the medial margin of the sub-epiotic

fossa and the partially divided vomerine tooth patch.

The majority of specimens of A. oweni are isolated teeth or fragments of tooth

plates, making specific determination difficult, particularly since the teeth associated

with the crania described above are poorly preserved. However, if B.M.N.H.

P. 1697 (a group of teeth from the Lower Hamstead Beds of the Isle of Wight) is

correctly identified, then this species must have extended to the Lower Oligocene

(Lattorfian).

Albula eppsi White & Frost

1931 Albula eppsi White & Frost : 83-84, 105, figs. 137-14, pi. fig. 8.

i960 Albula eppsi White & Frost ; White : pi. 30, fig. 4.

Diagnosis. See White & Frost 1931 : 83.

Syntypes. B.M.N.H. P.14628, P.i4628a-b, tooth plates from the Blackheath

Beds (Sparnacian), Abbey Wood, Kent, and P.15287 from the same horizon and

locality.

Material. Twenty-three specimens in the B.M.N.H. consisting of fragmentary

tooth plates and a small portion of an operculum.
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Horizon and locality. Sparnacian-Cuisian, S.E. England.

Remarks. White & Frost (1931) stated that the tooth plates referred to A. eppsi

differ from those of the Recent species in showing teeth of equal size, with no diminu-

tion of tooth size towards the margin of the tooth plate. Such a regular tooth size

is characteristic of the contemporaneous A . oweni and this fact probably motivated

Casier (1966 : 134) to interpret A. eppsi as representing young individuals of A.

oweni. However, the great difference in size between the two species and the total

absence of intermediate forms suggests that this species is probably a valid one.

A . eppsi is reminiscent of Osmeroides latifrons (Turonian) in being small and showing

no diminution of tooth size towards the edge of the tooth plate.

Frost (in White & Frost 1931 : 105) referred an otolith to A. eppsi, presumably

because it was found together with tooth plates of this species. This otolith is held

by Frost to resemble those of A. vulpes in the rounded anterior and posterior rims.

Other albulid remains

There is in the B.M.N.H. collection a large series of isolated teeth from Tertiary

deposits of Europe which, although albulid in form, are not easily referred to any
of the species recognized so far. Until more associated material of various growth

stages become available the specific identity of these teeth must remain in limbo.

Woodward (1901 : 73) referred to several specimens from the Gault Clay (Albian)

which, he said, may be albulid. The specimens concerned (B.M.N.H. 47286,

P.9159) are phyllodont tooth plates and should be referred to Casierus Estes or a

closely related form.

In the B.M.N.H. collection there are two specimens, B.M.N.H. P.1224 and
P.1225, which are albulid in form and come from the Upper Cretaceous of Red Deer

River, Alberta, Canada. The specimens consist of isolated teeth and vertebrae.

The teeth are unlike those of any Albula species in being laterally flattened and in

showing a narrower base than crown. The vertebrae, which in lateral view are

deeper than wide, are marked by numerous fine anastomosing strengthening bars.

There are records of other albulids from North America. Applegate (1970) has

described a new species of Albula, A. dunklei, from the Mooreville Chalk (Santonian)

of Alabama. Estes (1969c) erected a new monotypic albulid genus Coriops amnicolus

for specimens from the Lance Formation of Wyoming and the Hell Creek Formation

of Montana, the age of which, according to Cobban & Reeside (1962), is Maastrich-

tian-Danian. The albulid specimens found in Alberta, Wyoming and Montana are

from freshwater deposits.

Other Upper Cretaceous albulids of N. America have been recognized on scale

remains by Cockerell (1933), who described A. antiqua from Florida, and David

(1940) who described a different genus, Kleinpellia.

Genus LEBONICHTHYS nov.

Diagnosis. Albulid fish in which the frontals and pterotics show ornamentation

in the form of weak ridges. Mouth terminal or nearly so. Maxilla extending to

beneath the posterior half of the orbit, with or without teeth. Single elongate
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supramaxilla. Quadrate/mandibular articulation beneath posterior half of the orbit.

Suboperculum large, equal in area to half that of the operculum. Gular plate large.

Vertebral column with 64-66 vertebrae of which 23-24 are caudal. Centra deeper

than long, marked laterally by 5-6 grooves. Anal fin situated nearer to caudal

peduncle than to the pelvic fin.

Type species. Osmeroides gracilis Davis.

Lebonichthys gracilis (Davis)

(Text-figs. 88-91)

1887 Osmeroides gracilis Davis : 559, pi. 31, figs. 2, 3.

1887 Osmeroides latus Davis : 561, pi. 31, fig. 1.

? 1887 Osmeroides brevis Davis : 560, pi. 32, fig. 1.

1901 Osmeroides gracilis Davis ; Woodward : 16, pi. 2, figs. 1, 2.

Diagnosis. Lebonichthys reaching 170 mm S.L. Head and opercular apparatus

equal in length to 30 per cent of standard length. Parasphenoid with hemispherical

teeth of irregular size. Ectopterygoid edentulous. Maxilla edentulous. Dorsal

fin situated nearer to the occiput than to the caudal peduncle, with 24-25 rays.

Caudal skeleton with three epurals, supporting neural spines unexpanded, fringing

fulcra and caudal scutes present. Scales with anterior margin scalloped.

Holotype. Incomplete fish, R.S.M. 1891.59.86, from the Upper Santonian of

Sahel Alma, Lebanon.

Material. The holotype and 16 specimens in B.M.N.H. All specimens are

from the Upper Santonian of Sahel Alma, Lebanon.

Description. The head occupies 30 per cent of the standard length and is twice

as long as it is deep. The anterior end of the snout is slightly truncated. The
quadrate/mandibular articulation lies beneath the centre of the orbit. With the

exception of the frontals and pterotics, the cranial bones are smooth.

Neurocranium. The neurocranium is shallow throughout. The roof is flat with

the frontals forming the majority of its area. Each frontal meets its partner in a

slightly wavy suture. Anteriorly the dermethmoid, which is smaller and simpler

in shape than that of Albula, separates the frontals. The frontal tapers gradually

toward the snout but there are two places where the frontal narrows sharply, at the

level of the autosphenotic spine and again at the level of the lateral ethmoid. Pos-

teriorly the frontal is indented where it meets the pterotic. The surface of the frontal

is slightly raised at the centre of ossification. From this centre several ridges,

with intervening grooves, curve anteriorly and laterally. The most medial of these

ridges ends anteriorly in a foramen which marks the point of exit from the bone of

the supraorbital sensory canal. Anterior to this level the canal continued in a

shallow groove. The central portion of the skull roof exhibits a slightly depressed

area. Faint ridges may also be seen passing posteriorly from the ossification centre

of the frontal but these are weak compared to the anterior ridges.
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Fig. 88. Lebonichthys gracilis (Davis). Neurocranium in dorsal view.

Based on R.S.M. 1891.59.85 and 1881.5.36.

The parietal is rhomboidal and meets its partner in a nearly straight median suture.

Between them the parietals cover much of the supraoccipital and the epiotics, only

the crest of the former and the processes of the latter being visible in dorsal view.

The pterotic meets the frontal in a syndesmotic union, the path of the suture

line being due to the posterior margin of the frontal rather than the anterior border

of the pterotic which lies beneath the frontal. The posterior margin of the pterotic

is oblique and meets the lateral margin in a small laterally directed process which
marks the posterior end of the hyomandibular facet. The surface of the pterotic

is marked by fine ridges extending forwards from the centre of ossification. The
otic sensory canal ran in a deep groove incompletely roofed by bone. Posteriorly

the canal opened by a single pore at the level of the lateral prominence on the margin
of the pterotic.

The anterior part of the neurocranium is defective in all specimens. The derm-
ethmoid is incompletely known but a median vertical ridge may be seen in several
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examples. The nasal is a thin, gutter-shaped element partially overlapping the

anterior end of the frontal.

Of the lateral neurocranial wall little can be seen. Features which may be recog-

nized are a deep subtemporal fossa beneath the hyomandibular facet, a large otic

bulla which accommodated the sacculith, and a very small autosphenotic spine.

Imperfect suture lines between the various neurocranial elements are seen in some
specimens. The outline and contours of those which may be identified suggest that

the neurocranium is very much like that of Osmeroides latifrons. Significantly,

the intercalar is reduced to a small cap of bone postero-ventral to the subtemporal

fossa.

The parasphenoid is distinctive in bearing a dentition similar to that of small

specimens of Albula vulpes. The bone is broad throughout its length. Posteriorly

it reaches the occipital condyle, while anteriorly it overlies the vomer beneath the

lateral ethmoid. At the level of the weakly defined ascending wings the para-

sphenoid exhibits a shallow angle. Posterior to this level the parasphenoid extends

back and terminates in two short prongs, between which there is a median ventral

groove extending forwards to the parasphenoid flexure. Beneath the orbit and part

of the lateral ethmoid the parasphenoid bears a tooth plate. Each of the many
teeth borne by this plate is hemispherical and bears a distinct translucent apical

cap of enamel. There is a large pulp cavity. The posterior teeth are the smallest,

the largest being found in the anterior third of the plate. Throughout the toothed

area very small teeth may be seen lying adjacent to large ones. Towards the lateral

margin of the plate there is a predominance of smaller teeth. The base of the

ascending wing of the parasphenoid is marked by a deep excavation at the bottom
of which lies the foramen for the internal carotid artery. The efferent pseudo-

branchial artery must have looped around the antero-dorsal margin of the para-

sphenoid ascending wing.

The vomer is as wide as the anterior end of the parasphenoid, with which it is in

contact in an overlapping suture. No specimen shows definite evidence of vomerine

teeth although several small needle-like teeth, which may probably be referred to the

vomer, are often found in the snout region.

Hyopalatine bones. The hyomandibular is stout and relatively short. Dorsally

the bone is thick and forms a single broad articular head. The bone projects an-

teriorly as a thin wing which meets the metapterygoid. Characteristically, there is

little or no overlap between these elements. The ventral part of the hyomandibular

slopes forwards as a stout shaft, the posterior margin of which is grooved for the

passage of the hyomandibular trunk of VII and the efferent hyoidean artery. The
opercular process is weakly defined.

The metapterygoid is of irregular shape. Anteriorly this element overlaps the

endopterygoid while ventrally it is separated from the quadrate by a narrow inter-

space. The postero-ventral margin of the metapterygoid overlaps the symplectic,

as in other albuloids.

The symplectic is long in Lebonichthys and provides a firm linkage between the

forwardly positioned quadrate and the ventral end of the hyomandibular. Pos-

teriorly the symplectic is somewhat flattened.
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The quadrate is fan-shaped. The posterior or ventral margin lies almost hori-

zontally, with the expanded condyle directed antero-ventrally. A groove on the

medial surface of the quadrate received the lower end of the symplectic.

The postero-ventrally inclined limb of the ectopterygoid fits tightly around the

anterior border of the quadrate. The longer antero-dorsally inclined limb runs

along the entire length of the endopterygoid. A shallow crest of bone arises from
the dorsal margin of the ectopterygoid at the angle in the bone. This crest is similar

to that developed in Osmeroides latifrons and homologous with the peculiarly shaped
ectopterygoid process of Recent albuloids. The endopterygoid is oval, at least three

times as long as wide. The convex buccal surface bears a large patch of teeth of the

same form but of smaller average size than those borne by the parasphenoid. The
anterior limit of both endopterygoid and ectopterygoid is difficult to decipher in

any specimen as this region is covered by the crushed remains of a spongy ossification

representing a weakly ossified autopalatine. The autopalatine of Recent albulids is

only weakly ossified in large individuals. The anterior end of the autopalatine in

Lebonichthys is represented by a rounded knob formed of more compact bone than

that posteriorly. The palatine head articulates with the mesethmoid medially and
the inner face of the maxillary head anteriorly. B.M.N.H. P.4855 shows a small

patch of palatine teeth which are villiform in shape, not needle-like as in Albula.

Dermal upper jaw. Those specimens exhibiting a premaxilla indicate that there

was a very close union between this element and the ethmoid. The premaxilla is

broad anteriorly where it meets its partner in the mid-line. Posteriorly the alveolar

portion is tapered. The lateral surface of the premaxilla is marked by two or three

pores but interconnecting canals cannot be traced ; thus the presence of a premaxil-

lary sensory canal is known by inference rather than from direct evidence. A narrow

band of fine, needle-like premaxillary teeth is found along the slightly convex oral

border.

Unlike the premaxilla, the maxilla is often found dissociated from the neuro-

cranium. Anteriorly the expanded head of the maxilla turns dorsally and medially.

Posteriorly the maxilla expands into a shallow ovoid which is overlain postero-

dorsally by a single elongate supramaxilla. The maxilla is grooved dorsally behind

the maxillary head and ventrally beneath the head. The dorsal groove marks the

position occupied by the overlying first infraorbital. The ventral groove contained

the alveolar portion of the premaxilla. The maxilla is edentulous.

Mandible. The mandible is short and bears a prominent coronoid process deve-

loped towards the posterior end of the jaw. The dentary symphysis is turned

slightly ventrally. Distinctive albuloid features of the mandible are the inflected

ventral margin and the presence of a deep groove containing the mandibular sensory

canal. The mandibular sensory canal was not covered by bone ventrally. The

dentary bears a band of needle-like teeth along the oral margin. Posteriorly the

articular forms the articulatory cup. The medial surface of the mandible bears a

large endosteal articular and sesamoid bone.

Hyoid arch, branchiostegal rays, gular plate and gill arches. The ceratohyal is, as

usual in teleosts, ossified in two sections, a large anterior and small posterior element.

The former is represented by a thick bone which is constricted in the anterior third.
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The anterior end is shallower than the posterior end. The posterior ceratohyal is

thinner than the anterior element. The ventral margin of the posterior ceratohyal

is curved while the dorsal margin is straight, except posteriorly where the border

is notched for the reception of the interhyal. Both dorsal and ventral hypohyals

may be identified but little of their shape may be seen. Each hypohyal consists

of a core of spongy bone covered by a thin perichondral shell. The anterior tip of

the hypohyals lies between and level with the lower jaw articulation when the

mouth is closed. The dorsal edge of the anterior ceratohyal is grooved for the afferent

hyoidean artery. The depth of this groove is comparable with that seen in Albula.

There are 12-14 branchiostegal rays. The first (or most posteriorly situated)

branchiostegal is broad and supported solely by the posterior ceratohyal. The
second of the series articulates with the hyoid bar at the junction of the two cerato-

hyals. The branchiostegals become progressively thinner at the anterior end of the

series. Anteriorly, the last ray in the series may have lain free in the branchio-

stegal membrane since it is often displaced and shows no development of an articu-

latory head.

A large gular plate is attached to the posterior edge of the dentary symphysis.

The width of this plate, equivalent to over one-third of the mandibular length,

suggests that the lower jaw rami were wide apart. It is significant that in many
specimens the jaw rami are often seen splayed apart. The size of the gular plate

would preclude any interpretation of the gular lying vertically as it does in the

Recent Albula.

The basibranchial and basihyal elements are poorly known. A large basibranchial

tooth plate lies in a position (with respect to the hypobranchials) suggesting that it

represents the fusion of the first three basibranchial plates. The dorsal surface of

this plate bears many villiform teeth. The posterior end of a basihyal tooth plate

is seen in B.M.N.H. P.4764. The plate appears edentulous.

The hypobranchials of the first three arches are developed in typical fashion. The
first is the longest of the series and shows a slight curvature. The second, like the

first, shows a distinct basal articulatory head proximally, but the short third hypo-

branchial appears merely as an ' outpushing ' from the third basibranchial. The
five ceratobranchials are typical in that the first is substantially longer and broader

than the fifth. The latter elements share a small mutual interface. Small, irregular

tooth plates, each with many needle-like teeth, are associated with the oral surfaces

of the ceratobranchials. These tooth plates are relatively sparse : for instance

six are detectable upon the fourth ceratobranchial of B.M.N.H. P.4764. A single

large tooth plate is associated with the medial margin of the fifth ceratobranchial.

This tooth plate, the lower pharyngeal, has the shape of an isosceles triangle, twice

as tall as wide with the apex directed anteriorly.

Well-defined gill-rakers were not seen on any but the first ceratobranchial. The
gill-rakers have the same form as those of Albula and Pterothrissus. Nothing of the

dorsal gill arch elements was seen.

Circumorbital bones. The supraorbital was not positively identified in any speci-

men but several exhibit small splinters of bone indicating that its form was as in

Recent albuloids.
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Similarly, the infraorbitals are incompletely known. The orbital margin of this

series is gently rounded, as in Albula but in contrast to Pterothrissus. Anteriorly,

the dorsal margin of the first infraorbital is straight and inclined towards the snout

tip. The first infraorbital overlaps the dorsal half of the maxilla. The posterior

members of the series cover the cheek region posteriorly to the level of the hyo-

mandibular. The orbital margin of the infraorbitals is rolled over laterally to provide

a partial protection for the infraorbital sensory canal.

Opercular series. The operculum is as wide as it is deep. Its anterior and dorsal

margins are straight. The posterior margin passes ventrally and slightly posteriorly

before turning sharply to present an almost horizontal ventral margin. The oper-

culum forms a comparatively small part of the entire cheek region.

The suboperculum is a large element as in all albuloids. The posterior and ventral

margin is smoothly rounded and continues the contour of the operculum. Anteriorly

the suboperculum sends up a small dorsal wing. The shape of the interoperculum

could not be determined.

The preoperculum is incompletely known. The anterior margin lies tightly against

the hyomandibular, symplectic and quadrate. A deep groove, which is partially

overlain by bone, runs close to the anterior margin and represents the path taken

by the preopercular sensory canal.

Pectoral girdle andJin. Dorsally the pectoral girdle is attached to the neurocranium

by the small post-temporal. Three limbs are directed anteriorly from the main
body of the post-temporal which is represented by a small triangular plate. One
such projection (the dorsal limb) reaches above the epiotic to which it was no doubt

connected by ligaments. Another is short, laterally directed and lies in juxtaposition

to the postero-lateral corner of the pterotic and is homologous with a similar limb

seen in Albula. The third limb (the ventral limb) passes antero-ventrally to contact

the neurocranium in the region of the intercalar.

The supracleithrum overlaps the cleithrum ventrally and is itself overlain dorsally

by the post-temporal. The supracleithrum is longer than broad, with its anterior

and posterior margins parallel. From its union with the post-temporal the bone

slopes postero-ventrally.

The cleithrum is, as usual, the largest element of the girdle. As seen in lateral

view the bone is tapered both dorsally and ventrally. The posterior margin slopes

ventrally at a steep angle and in this respect resembles Pterothrissus. The endo-

chondral elements are too incompletely known to warrant comment. However, in

lateral view the posterior limit of these elements lies behind that of the overlying

cleithrum, as in all albuloids.

There are at least 12 pectoral fin-rays (Davis 1887 quotes a figure of 14 for all

species here considered as Lebonichthys). The first ray is unbranched. The
dichotomy of the inner rays is confined to the distal third of their length. A small

triangular splint is associated with the base of the outer fin-ray.

Pelvic girdle and fin. The only evidence of the pelvic girdle is a small, trans-

versely orientated strip of spongy bone immediately anterior to the bases of the fin-

rays. The anterior half of the pelvic girdle, if present, was probably represented by
cartilage.
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The pelvic fin originates beneath the posterior half of the dorsal fin. The pelvic

fin is made up of 9-10 rays, the outermost being both the longest and the only

unbranched member of the series. Associated with the base of the upper half of

the outer ray there is a large pelvic splint bone. The anterior end of this splint is

curved dorsally and lies free from the fin-ray bases.

Vertebral column. One specimen, B.M.N.H. P.9162, is sufficiently well preserved

for a vertebral count to be made. This specimen has a total of 66 preural vertebrae

of which approximately 23 are caudal.

Each centrum is deeper than long. Those of the anterior abdominal region are

considerably deeper relative to their length than those of the caudal region. The
centra are marked laterally by four to six longitudinal grooves separated by ridges.

The neural arches are autogenous throughout the column. In the anterior

abdominal region the neural arches are expanded distally but in the posterior ab-

dominal and caudal region such expansions are not seen. The neural spines of the

anterior abdominal region are fine, straight and the paired halves remain separate.

Posteriorly the spines of either side are fused to form a median structure which

exhibits a slight backward curvature. The posterior neural spines are somewhat
modified to support the caudal fin-rays.

The parapophyses are autogenous. Throughout most of the abdominal region

they are represented by small knobs lodged in cup-shaped depressions in the anterior

half of the centra. The posterior five or six parapophyses are somewhat longer,

the last being the longest and bearing a correspondingly shorter pleural rib.

Each pleural rib is fine, slightly curved and incompletely encircles the abdominal

cavity, substantiating the view that this fish had a rounded body. Except pos-

teriorly, where the ribs are borne solely by the lengthened parapophyses, the articula-

tion of the ribs is shared between the parapophysis and the centrum.

The haemal arches are inserted into depressions in the centra. Distally the arches

bear slightly curved haemal spines. The posterior five are modified to support the

caudal rays.

There are 11-12 supraneurals associated with the first 17-18 neural spines. Each
supraneural is sigmoid in shape and they form a graded series from large and broad

anteriorly to small and narrow posteriorly.

Epineurals are found throughout the column. Anteriorly they are attached to

the posterior margin of the neural arch/spine junction. In the posterior part of the

column they are often displaced and in life probably lay free in the myocommata.
Epipleurals are also present throughout the column. In the abdominal region

they were closely applied to the parapophyses but throughout the caudal region they

lay free. The epipleurals in the anterior caudal region show forked bases.

Median fins. The dorsal fin is relatively long based, the base length being equal

to 28 per cent of the standard length. The origin of the fin lies near the occiput and
the occiput-origin distance is considerably less than the distance from the termina-

tion of the fin to the caudal peduncle, a feature previously noted by Woodward
(1901 : 16).

The dorsal fin is composed of 24-25 rays. Davis (1887 : 560, pi. 31, fig. 2) states that

there are 32 rays but his illustration does not support such a high count. Woodward
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Fig. 90. Lebonichthys gracilis (Davis). Caudal skeleton in left lateral view. Arrows
indicate upper and lower principal fin-rays. Camera lucida drawing of B.M.N.H . P. 4856.

(1901 : 16) quotes a figure of 20. The first two rays are unsegmeiited. The fifth

ray is both the longest and the first branched. Of the 21 pterygiophores the first

three support the first six fin-rays. With the exception of the first three, each

pterygiophore consists of three distinct radial ossifications. The exceptional

pterygiophores exhibit fusion between the proximal and middle radials.

The anal fin arises nearer to the caudal peduncle than to the pelvic fin and consists

of nine rays supported on seven pterygiophores. The anterior two rays are un-

segmeiited and the fourth is both the longest and the first branched.

The caudal fin-rays are supported by five preural and two ural centra. Each of the

preural centra is deeper than long and marked by ridges. The ural centra are smooth

and largely overlapped by the uroneurals and the hypural heads. In the specimen

figured (Text-fig. 90) the second ural centrum is completely obscured by the uro-

neurals.

The haemal spines of the five preural vertebrae become progressively stouter from

the fifth to the first (the parhypural). The parhypural shows the characteristic
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notch in the posterior margin. This notch lies in juxtaposition to a notch in the

anterior margin of the first hypural and marks the divergence of two lateral caudal

arteries from the median dorsal aorta.

Dorsally, the neural spines associated with the second to fifth preural centra are

slender, each with a stout posterior edge preceded by a thin median wing. The tips

of the last three neural spines converge to support the anterior dorsal accessory rays.

The neural arch complex associated with the first preural centrum appears to be a

double structure, i.e. two neural arches set one behind the other. This arrangement

is open to three interpretations. It may represent the two lateral halves of a single

first preural neural arch, these having become displaced relative to one another

during preservation (in this connection it is interesting to note that in one specimen

of Pterothrissus examined the two halves of this arch remain distinct from one

another except at their extreme tips). Secondly, it may represent a double neural

arch upon this centrum ; such a condition is quite common in lower teleosts and has

been recorded for Tarpon (Hollister 1936 : fig. 16). The third interpretation is that

the posterior structure is the neural arch of the first ural centrum which has become
displaced anteriorly (cf. Nybelin 1971). Examination of other specimens failed to

substantiate any of these interpretations.

There are at least two uroneurals. The first is large and shows a forked base

overlapping the first and part of the second preural centrum. The second uroneural

is long, extending from a lateral overlap of the first ural centrum to well beyond the

distal extremity of the first uroneural (a typical albuloid disposition). Specimen

B.M.N.H. P.4856 shows a small element which overlaps the dorsal extremity of the

second uroneural. Its appearance suggests a uroneural, yet the bone, which shows

no sign of having been broken, is truncated, unlike a uroneural. Distally this ele-

ment reaches between the bases of the posterior dorsal basal fulcra.

The first and second hypurals are supported by the first ural centrum. Distally

the hypurals support the principal fin-rays of the lower caudal lobe. As is usual

among lower ' isospondyls ' the first hypural is the larger and has a characteristically

narrow articular head. In the specimen figured the lower hypurals have been slightly

displaced postero-ventrally from their true position.

Four upper hypurals support the principal rays of the upper lobe. The third

hypural is large and is the only member of the upper series showing a distinct ar-

ticulatory head. The uppermost hypural is very small and may represent a fusion

of two elements since there is a faint line of division running down the length of

this hypural. In the specimen figured the upper hypurals have been displaced

antero-ventrally.

Between the first uroneural and the last neural spine there are three epurals, the

distal extremities of which are obscured by the bases of the basal fulcra which they

support.

There are 19 principal rays, 10 in the upper lobe and 9 in the lower. The upper-

most principal ray is large, unbranched and does not extend over any endochondral

element (cf. Patterson 1968a). The innermost principal rays do not show expanded
bases and are thus similar to those of Recent albuloids. The lowermost principal

ray is supported by the parhypural and the second preural haemal spine.
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There are 10- 11 dorsal basal fulcra succeeded by three or four fringing fulcra.

The posterior five basal fulcra show articulations. Seven basal fulcra occur ventrally

and are supported by the haemal spines of the third to fifth preural centra.

An elongate caudal scute occurs above and below the caudal peduncle.

Squamation. The scales are cycloid. The posterior margin of the scale is rounded,

the anterior margin straight. Concentrically arranged circuli are apparent in the

anterior and lateral fields, while the posterior field is marked by a few granulations.

Anteriorly there are five to eight radii which produce a scalloped anterior margin.

Lebonichthys lewisi (Davis)

(Text-fig. 92)

1887 Clupea lewisii Davis : 571, pi. 33, fig. 1.

1901 Osmeroides lewisi (Davis) Woodward : 17, pi. 2, fig. 3.

Diagnosis. Lebonichthys reaching 260 mm S.L. Head equal to 30 per cent S.L.

Vomer with villiform teeth. Maxilla with small villiform teeth. Dorsal fin situated

nearer to the caudal peduncle than to the occiput, and composed of 18-19 rays -

Caudal skeleton with two epurals ; the supporting neural spines expanded antero-

posteriorly ; fringing fulcra absent. Caudal scutes present. Scales without

scalloped margin.

Holotype. Nearly complete fish, R.S.M. 1891.59.91, from the Middle Ceno-

manian of Hakel, Lebanon. The counterpart is B.M.N.H. P.4868.

Material. The holotype, counterpart and B.M.N.H. P.6024 from the Middle

Cenomanian of Hakel, Lebanon.

Remarks. Lebonichthys lewisi is known by only two individuals of which one,

the holotype (part and counterpart), is poorly preserved. Little information on the

head is available from these specimens.

Known features of the cranial roof closely resemble those of Lebonichthys gracilis

and Osmeroides latifrons. The frontals are wide above the otic and orbital regions

but taper above the slightly elongated snout. A long tubular nasal is present. The
lateral ethmoid is a large, stout ossification, more robust than that of L. gracilis but

like that of Albida. There is no direct contact between the lateral ethmoid and para-

sphenoid as there is in Albula.

The parasphenoid attains its greatest width beneath the lateral ethmoid, as in

0. latifrons. Teeth are borne on the ventral surface of the parasphenoid beneath the

orbit. The parasphenoid teeth are all of the same size but their shape varies from
conical to hemispherical. The vomerine teeth are villiform ; the limits of the sup-

porting ossification are not known.
The hyopalatine series is similar to that of L. gracilis except for two obvious

differences : the metapterygoid only contacts the symplectic over a short area and
there are teeth on the ectopterygoid in addition to those on the endopterygoid. The
presence of ectopterygoid teeth is a primitive feature, known only in L. lewisi among
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Fig. 92. Lebonichthys lewisi (Davis). Caudal skeleton in left lateral view. Arrows
indicate upper and lower principal fin-rays. Camera lucida drawing of B.M.N.H. P.6024.

albulids. Ectopterygoid teeth of L. lewisi resemble those of 0. latifrons. The
teeth on the dermopalatine are villiform, as in L. gracilis.

The upper jaw extends to the level of the middle of the orbit in B.M.N.H. P.6024
and to the posterior margin of the orbit in P.4868. The curvature of the oral surface

is not as marked as in L. gracilis. The teeth on the premaxilla and maxilla are

villiform in P.6024, more pointed in P.4868, but never needle-like as in L. gracilis.

The mandible extends from the snout to beneath the middle of the orbit in P.6024.

It is slightly longer in P.4868. The dentary teeth are set in a band along the oral

surface and resemble those of the upper jaw ; villiform in P.6024 and pointed in

P.4868.

The operculum is slightly deeper than wide with an oblique ventral margin, thus

contrasting with that element in L. gracilis. In shape the preoperculum resembles

that of Osmeroides. The sensory canal appears to have been completely enclosed

by bone.

There are at least 15 branchiostegal rays borne by the ceratohyals. When the

mouth was closed the anterior end of the hyoid bar must have lain between the jaw

rami. The gular plate is narrower than in L. gracilis.

The pectoral girdle is not known to differ much from that of L. gracilis. The post-

temporal of L. lewisi has the dorsal and ventral limbs but a central limb is absent.
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The cleithrum is large, much of its area being given over to muscle attachment.

There are at least 10 pectoral fin-rays. The pelvic fin shows 11 rays.

The vertebral column is composed of approximately 64 vertebrae, of which 24 are

caudal. Over most of the column the neural arches and spines, haemal arches

and spines and the parapophyses and ribs are precisely the same as in L. gracilis.

Differences occur in those preural vertebrae associated with the caudal fin-rays.

Epineural and epipleural (ventral) intermusculars are present throughout the column.

There are 22-23 supraneurals, more than in L. gracilis, and this reflects a difference

in the position of the dorsal fin which in L. lewisi is situated nearer to the caudal

peduncle than to the occiput. The dorsal fin contains 18 or 19 rays. B.M.N.H.
P.4868 shows 10 anal pterygiophores indicating that the anal fin was composed of

approximately 12 fin-rays ; B.M.N.H. P.6024, however, has 7 pterygiophores and

9 rays-

The caudal skeleton of L. lewisi (Text-fig. 92) is more like that of Albula than is

that of L. gracilis. In L. lewisi the supporting neural and haemal spines are expanded
antero-posteriorly, there are two epurals and both uroneurals are stout and disposed

in typical albuloid fashion. The proximal end of the first uroneural is expanded.

This is similar to L. gracilis but unlike Albula vidpes. As is usual in albulids, the

neural spine on the second preural centrum is full length.

What is known about the skull of L. lewisi suggests that it is more primitive than

that of L. gracilis. The jaws are relatively longer and less specialized, and the

dentition borne by the dermal jaws, palate and basibranchial elements is also more
primitive. The caudal skeleton, however, appears more specialized than that of

L. gracilis, approaching the Albula condition.

IV. DISCUSSION OF THE ORDER ELOPIFORMES

(a) Historical

With the exception of the pterothrissids, the fishes grouped here as the order

Elopiformes have been referred to the families Elopidae and Albulidae by Woodward
(1901), Boulenger (1910), Barnard (1925) and Fowler (1936). Pterothrissus (Bathy-

thrissa), on which the family Pterothrissidae is based, has been associated with the

Salmonidae by Gunther (1877), and the Clupeidae by Gill (1893). A suggestion by
Boulenger that Pterothrissus is closely related to Albula was confirmed by Ridewood

(1904) who placed the genus in the Albulidae. This author also endorsed Wood-
ward's view (1901) that the Cretaceous Istieus is closely related to Pterothrissus.

Since that time Istieus and Pterothrissus have been considered as constituting a

separate family, closely related to the Albulidae (Berg 1940) or as a subfamily of the

Albulidae (Norman i960) or as members of the family Albulidae (Boulenger 1910).

The fishes grouped in the Elopidae by Woodward (1901) and others have often

been divided into two families, the Elopidae and the Megalopidae, which in turn

were grouped as a higher taxon of equal rank with that containing the Albulidae

and Pterothrissidae (Berg 1940 ; Jordan 1923). Little indication, other than text
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order, was given as to the relationship existing between the Elopidae ( + Megalopidae)

and the Albulidae ( + Pterothrissidae) or to their relationship with other ' clupeiform
'

fishes.

Bertin and Arambourg (1958) went one stage further by including the Elopidae

(containing the megalopids), Albulidae and Pterothrissidae in a suborder Elopoidei

of the order Clupeiformes (sensu lato). In the Elopoidei Bertin and Arambourg
{op. cit.) also included the extinct family Thrissopateridae (Thrissopater and Pachy-

rhizodus), an assemblage thought by the present author to be but distantly related

to the elopiforms.

Although the elopids, megalopids, albulids and pterothrissids have been considered

closely interrelated by the above authors, the reasons put forward are based upon the

common possession of primitive and retentional features. Characters often quoted

as indicating relationship are : medially united parietals, gular plate, upper jaw
formed by both the premaxilla and maxilla, posterior circumorbitals large, opercular

apparatus complete, scapular foramen entirely enclosed, etc. Ridewood (1904 : 54)

recognized the fallacy of using such criteria when he stated ' Such resemblances as

exist between them [albulids and elopids] are explicable by the fact that neither has

departed to any great extent from the ancestral group from which all the Teleostean

fishes sprang. .

.

'. It is indeed true that none of the elopiform fishes has progressed

far beyond the pholidophorid stage. Elops is justifiably credited with being the

most archaic of living teleosteans and some authors have gone so far as to suggest that

Elops is a holostean. Saint-Seine (1949), for instance, places Elops in the Hale-

costomi and Nybelin (1956) suggested that Elops is as much a holostean as is Amia
or Lepisosteus. Gosline (1971 : 112, fig. 28) questions a close relationship between

Elops and Albula, and implies that elopoids and albuloids may each have closer

relatives outside the Elopiformes.

Clearly a relationship, if it exists, between the Elopidae, Megalopidae and the

Albulidae and Pterothrissidae, must be based upon advanced and specialized charac-

ters inherited from the common ancestor. The presence of rostral ossicles and a

leptocephalus larva, both considered here to be advanced features, were recognized

by Bigelow (1963) as evidence of relationship, and this view is supported here.

The classification of the Elopiformes I have used is essentially that of Greenwood
et al. (1966) with the addition of a new family, the Osmeroididae, to the Albuloidei.

I believe that this scheme most closely reflects the phylogeny of the elopiform fishes.

The history of thought concerning the relationship of the elopiforms to other
' lower teleosts ' has been stable. Most authors have placed the elopiform families

near to the clupeids with the implication that the latter are their closest living rela-

tives (Boulenger 1910 ; Berg 1940 ; Bertin & Arambourg 1958 ; and others).

Woodward (1901), perhaps significantly, dealt with the osteoglossids and noto-

pterids between the elopiforms and clupeids.

Greenwood et al. (1966) consolidated a strengthening opinion that the ' isospondyls
'

represent an artificial assemblage and proposed a three- or fourfold origin of teleosts

from pholidophorid ancestors. In this scheme the elopiforms were considered to have

evolved from the pholidophorids independently of other lower teleostean fishes with

the possible exception of the Clupeiformes (Clupeidae, Engraulidae, Chirocentridae
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and Denticipitidae). Subsequent work has indicated that the clupeiforms possibly

represent yet another attainment of the teleostean grade (Greenwood 1970b). The
nearest relatives of the Elopiformes were thought by Greenwood et al. (1966) to be the

Anguilliformes and the Notacanthiformes. Together these orders were grouped in

a Division I (subsequently named Cohort Taeniopaedia by Greenwood, Myers,

Rosen & Wietzman 1967) by virtue of the fact that members of all three orders have

a leptocephalus larva, and certain other characteristics (Greenwood et al. 1966) ; the

Elopiformes share the presence of rostral ossicles with the Notacanthiformes, and the

Notacanthiformes are related to the Anguilliformes by a similarity in swimbladder

anatomy.

(b) Salient features of the Elopiformes and the relationship with other ' lower teleosts
'

The following list of salient characters has been drawn up to serve three main
purposes : to indicate the wealth of primitive characters shown by the elopiforms

;

to serve as a reference point by which comparisons with other teleosts may be made ;

and to supplement the diagnosis given on p. 6.

1. Parietals in contact medially.

2. Dermethmoid separate from underlying mesethmoid.

3. Supraoccipital small, supraoccipital crest weakly developed.

4. Nasals slender, laterally placed.

5. Neurocranium well ossified in the otic region.

6. Post-temporal fossa with roof.

7. Subtemporal fossa large.

8. Orbitosphenoid and basisphenoid well developed.

9. Parasphenoid with teeth.

10. Anterior myodome bone absent.

11. Pars jugularis long ; separate lateral openings for the hyomandibular ramus
of VII, jugular vein and orbital artery.

12. Hyomandibular broad, orientated vertically or nearly so.

13. Palatine composed of separate autopalatine (or palatine cartilage) and
dermopalatine.

14. Premaxilla and maxilla entering gape. Supramaxilla(e) present.

15. Endochondral elements of the gill arches ossified, remaining separate from

the dermal elements.

16. Basibranchial (and usually a basihyal) tooth plate well developed.

17. Ceratohyal composed of anterior and posterior ossifications, separated by a

narrow band of cartilage.

18. Two hypohyals.

19. Urohyal shallow.

20. Infraorbital series composed of six elements. The first is large and is followed

by a narrow second element.

21. Antorbital with associated sensory canal.

22. Infraorbital sensory canal branches anteriorly to form an antorbital branch

and an ' ethmoid ' branch.
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23. Opercular apparatus complete, with a large suboperculum and large inter-

operculum.

24. Pectoral girdle with a mesocoracoid arch articulating ventrally with both the

scapula and coracoid.

25. Coracoid large.

26. Pectoral fin held low down on the body.

27. Pelvic fin abdominal, held horizontally, with more than 10 rays.

28. Pelvic splint bone present.

29. Vertebral centra pierced for the passage of the notochord. Neural arches,

haemal arches and parapophyses autogenous.

30. Neural spines in the anterior abdominal region composed of separate lateral

halves.

31. Supraneurals forming a complete series between the occiput and the origin

of the dorsal fin.

32. Epineural intermuscular bones developed throughout the column.

33. Caudal fin forked.

34. Caudal skeleton with two free ural centra, uroneurals free from centra,

hypurals separate from one another and from the ural centra. Parhypural

without a hypurapophysis.

35. Nineteen principal caudal fin-rays ; 10 in the upper lobe, 9 in the lower.

36. Scales cycloid, with bone cells.

37. Lateral line complete.

38. Swimbladder with anterior outpushings developed on either side of the mid-

line.

39. Retroarticular absent.

40. Development of a leptocephalus larva.

41. Rostral ossicles present.

42. Pectoral splint present at the base of the outermost fin-ray.

43. Basipterygoid process absent.

44. Mesethmoid weakly ossified or absent.

45. Ectopterygoid process present (its development varies within the order).

46. Supraorbital and infraorbital canals connected above the sixth infraorbital.

In addition, there are many other primitive characters found in the basal family

(the Elopidae) of the order. These are listed below :

47. Body fusiform, showing little compression, fins acuminate.

48. Cranium shallow, mouth terminal.

49. Neurocranium shallow, skull roof flat.

50. Cephalic sensory canals enclosed by bone.

51. Supraorbital sensory canal extending to the parietal.

52. Dilatator fossa with roof.

53. Ethmoid commissure complete, contained within a bony tube that runs

across the dermethmoid.

54. Intercalar large, and with the prootic forming an intercalar-prootic bridge.
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55-

56

57

58

59
60

61

62

63

64

65

66

67
68

69

70

Occipital condyle formed by the exoccipitals and basioccipital. Together

these elements articulate with a vertebral centrum which is functionally part

of the neurocranium.

Vomer short, with a broad head which bears a paired patch of small teeth.

Anterior ceratohyal with an elongate tooth patch plastered along the dorsal

margin.

Branchiostegal rays numerous.

Gular plate large, horizontal.

Premaxilla small, forming little of the functional upper jaw.

Gill arches with suprapharyngobranchials associated with the first and
second epibranchials. A fifth epibranchial is present.

Mandible with low coronoid process situated posteriorly.

Posterior infraorbitals broad, covering much of the cheek.

Dermosphenotic (sixth infraorbital) large.

Supratemporals large, meeting one another in the mid-line with the conse-

quence that the supratemporal commissure is wholly enclosed by bone.

Anterior uroneural with forked base.

Seven hypurals.

Base of the innermost principal fin-ray of each caudal lobe expanded and
considerably overlapping the supporting hypural.

Urodermal present.

Fringing fulcra usually present (but absent in Elops).

Of the characters listed above, 1-39 and 47-70 are primitive for teleosts, 1 the

majority being found in the less specialized representatives of the superorders Clupeo-

morpha, Osteoglossomorpha, Protacanthopterygii (sensu Rosen & Patterson 1969)

and Ostariophysi. These characters are therefore of little use in indicating rela-

tionships ; they merely serve to suggest ways in which the elopiforms have not evolved.

No other group of ' lower ' teleosts shows such a wealth of primitive characters and
it is clear that the Elopiformes could not have evolved from any extant member (s)

of the superorders mentioned above. Indeed, as noted below, it is extremely un-

likely that elopiforms evolved from any known fossil teleost group belonging to the

other superorders.

1 Feature 38, the possession of anterior diverticula of the swimbladder is included here as a character
which is primitive for teleosts. The evidence is admittedly indirect, since there are no details of swim-
bladder anatomy in fossils except where that organ influences osteological development. Within the
'lower' teleosts an otophysic connection involving an anterior diverticulum of the swimbladder extend-
ing forward to the level of the neurocranium has developed in the Megalopidae (Elopomorpha) , the
Clupeomorpha, and in the Notopteroidei and the young growth stages of Mormyriformes (both Osteo-
glossomorpha). The development of otophysic connections in these groups, which are presumed to have
evolved in parallel (Greenwood et al. 1966), suggests that some rudimentary swimbladder modification
was present in the Pholidophoridae. The stage hypothesized for the pholidophorid condition may be
seen in Albula, where paired anterior diverticula extend forward to terminate beneath the ventro-
lateral surfaces of the basioccipital (Greenwood 1970a) ; such diverticula are present, although poorly
developed, in Elops and Pterothrissus. It is of interest to note that ostariophysan fishes, which are
thought to have evolved from a group (the Salmoniformes, see Greenwood et al. 1966) without anterior
diverticula of the swimbladder, developed an otophysic connection by vertebral and rib specializations
(Rosen & Greenwood, 1970).



igo ELOPIFORM FISHES

Features 43-46 are advanced to some degree over the basic teleost condition

but may be seen in a large number of distantly related teleosts and have probably

arisen independently in a number of lineages. They are therefore of limited use in

indicating relationship.

Only three characters (nos. 40, 41 and 42 2
) indicate that the Elopiformes represent

an interrelated assemblage of fishes distinct from other ' lower ' teleosts. Elopiforms

show the specialized character combination of a leptocephalus, rostral ossicles and
pectoral splint bone. The leptocephalus larva has been used by Greenwood et al.

(1966) as a feature relating the Elopiformes, Anguilliformes and Notacanthiformes

as a distinct, natural lineage.

A note of caution must be introduced here since it is not certain whether the

development of the leptocephalus is a specialized condition or if it is simply another

feature retained from halecostome ancestors. Harrisson (1966) and Romer (1966)

both imply that the leptocephalus is a retentional feature, but give no evidence for

this.

A leptocephalus occurs in three orders (also linked by other intergroup charac-

teristics, Greenwood et al. 1966) which are anatomically, ecologically and biologically

diverse. Yet it is present in these three orders only. The absence of a leptocephalus,

or anything approaching such an ontogenetic stage, in clupeomorphs, osteoglosso-

morphs or protacanthopterygians is perhaps the strongest argument for assuming

that this larva evolved only within the elopiforms. Furthermore, the peculiarities

of the leptocephalus suggest that it arose but once and must have been present in

early Cretaceous times, before the elopoid-albuloid dichotomy. In short, circum-

stantial evidence is in favour of the leptocephalus being an elopiform specialization

subsequently inherited by the eels and notacanths (+ halosaurs and lipogenyids).

If, in the future, it should be demonstrated that the leptocephalus is a primitive

or retained feature then its use as an indicator of interordinal relationship will no

longer be valid and it will have to be added to the already long list of elopiform charac-

ters that have been inherited from halecostome ancestors.

A second feature that is here assumed to be an elopiform development is the

possession of rostral ossicles. The snout of teleosts appears to be very labile,

subject to many modifications related to feeding mechanisms. The sensory canals

and associated ossifications are no less labile and may be seen to vary considerably

both between and within each family. Within the Elopiformes, variation in the

sensory canals of the snout has involved the movement, loss, or even multiplication

of rostral ossicles, the existence of which is unique to the Elopiformes and Nota-

canthiformes.

The origin of rostral ossicles as seen in Elops has been discussed by Nybelin (1956,

1967a), who suggested that they arose by fragmentation of the dermethmoid (rostral

2 (Added in proof.) Jessen (1972) has since published an excellent study of the pectoral girdle and fin

of actinopterygians. Jessen suggests that the pectoral splint is a fin-ray derivative and is a primitive
character, being found (in a more primitive state) in Lepisosteus and Amia. Jessen 's conclusions are

accepted here. The presence of a pectoral splint in elopiforms must therefore be regarded as of little

use in linking elopoids with albuloids. The pectoral splint is nevertheless diagnostic for elopoids and
albuloids among teleostean fishes. The present author knows of no other teleost with a pectoral splint,

implying that neither elopoids nor albuloids could have been derived from known teleosteans.
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of Nybelin op. cit., producing the lateral rostral ossicle) and the antorbital (producing

an additional ossicle). Although there may be a prenasal ossicle incorporated in

the dorsal part of the lateral rostral ossicle (Nybelin 1967a : fig. 2), there is never any
connection between the supraorbital and ethmoid commissure sensory canals.

Megalopids differ little from the Elops condition, the most significant difference

being the loss of the anterior fragment of the antorbital. According to Gosline

(1961 : 22) the loss of this ossicle has been accompanied by the loss of a small section

of the canal and thus the ethmoid commissure fails to connect with the infraorbital

system. Nybelin (1967a), however, finds a connection in the soft tissue of Megalops

and young Tarpon. Following Nybelin's technique of ink injection I find a connec-

tion in Megalops and Tarpon (the largest Tarpon examined in this respect was of

222 mm S.L.). A difference from the Elops condition is the very close relationship

between the lateral rostral ossicle and the premaxilla. In young Megalops and
Tarpon the ossicle is clear of the premaxilla (Nybelin 1967a : fig. 2), but in older speci-

mens of these genera the rostral ossicle comes to lie in a shallow excavation on the

lateral surface of the premaxilla, and is very tightly bound to that bone.

While reduction in the number of canal bearing bones may be a feature of the

megalopids, multiplication is characteristic of the albuloids. Thus Pterothrissus

has three ossicles, although it is impossible to be sure which are dermethmoid deriva-

tives and which are antorbital in origin. It is suspected that the fossil albuloids

had more than three ossicles since the development of the premaxillary canal was
probably mediated by a morphological stage such as is seen in Recent halosaurs

(Notacanthiformes)

.

The development of the snout canal system of albuloids is hypothesized to have
taken the following course. From a basal albuloid such as Osmeroides (which has

an ethmoid commissure very much like that of Elops, other ossicles being unknown),

the anterior end of the dermethmoid turned ventrally through 90 ° taking the rostral

ossicles with it. The rostral ossicles subsequently fragmented into several smaller

ossicles, some of which lay in the skin over the premaxilla. Such a stage may be

seen in the halosaurs Halosaurus and Halosauropsis, where there are four to seven

ossicles forming a chain across the snout, each ossicle apparently associated with a

neuromast (Gosline 1961). In albulids and pterothrissids those ossicles overlying

the premaxilla became closely associated with that bone (as in Tarpon) and eventually

fused with it, producing the condition seen in the albulids and pterothrissids where
the sensory canal appears to pass through the premaxilla. The premaxillary canal

is supplied by a branch of the buccal nerve (indicating its relationship with the

infraorbital canal) which pierces the premaxilla close to the point of articulation of

that bone with the ethmoid. The ethmoid commissure may still be continuous in

some halosaurs (Gosline 1961), but it is broken in the mid-line in Recent albuloids,

presumably by the loss of a median portion. It appears that in this assemblage

(albuloids and halosaurs) the ethmoid commissure has shifted its association from
the dermethmoid to the premaxillae.

The retention of the originally continuous ethmoid commissure-infraorbital canal

system in the Elopiformes is probably a consequence of the solid snout of these

fishes. In other groups, notably clupeiforms, salmoniforms and cypriniforms, the
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movement of the premaxilla and maxilla is such that a delicate sensory canal would
be stretched and broken. The isolated ethmoid commissure remains as a superficial

line of pores within the skin of many ' lower ' teleosts (Nybelin 1967a)

.

The Elopiformes are traditionally linked with the Clupeiformes (Denticipitoidei

and Clupeoidei) (Regan 1909 ; Berg 1940 ; Bertin & Arambourg 1958). As sug-

gested by Greenwood et al. (1966) there is little evidence to support this proposal.

If a relationship exists it is probably to be found below the teleost level.

Clupeiform anatomy has been influenced by the following trends :

a. Development of an otoplwsic connection involving an intimate intracranial

association between the swimbladder and the inner ear.

b. Development of a recessus lateralis, and elaboration of the sensory canal

system on the cranial bones. This is often accompanied by the loss of a

well-defined lateral line canal on the trunk.

c. Development of a temporal foramen between the frontal and parietal which

houses a region of sensory tissue, the ' sinus temporalis ' (see Patterson 1970a

for a discussion of this sensory tissue).

d. Deepening of the suspensorium with an increasing mobility of the dermal jaw
elements, particularly the supramaxillae. (The engraulids and chirocentrids are

exceptional in this respect ; Denticeps has no supramaxillae, Greenwood 1968)

.

e. Development of microphagous feeding habits (except Chirocentrus) which

principally involves reduction or loss of teeth on the dermal jaws, gill arches

and palate and the development of epibranchial organs (Nelson 1967).

f. Development of a unique type of caudal skeleton, characterized by a free

first hypural, fusion of the second hypural with the first ural centrum and
fusion of the first uroneural with the first preural centrum (Gosline i960,

1961 ; Greenwood et al. 1966 ; Cavender 1966). Denticeps is somewhat more
primitive (Greenwood 1968).

g. Lateral compression of the body accompanied by the development of scutes

in the ventral mid-line (a few also show dorsal scutes, e.g. Diplomystus,

Hyperlophus and Potamalosa)

.

These clupeiform trends are quite distinct from any seen in the elopiforms. In

those elopiforms with an otophysic connection (Megalopidae) it is entirely extra-

cranial and involves hypertrophy of the intercalar, an element which in clupeomorphs

is reduced to a tiny cap of bone. Lateral compression of the body, also seen in the

megalopids, is never associated with the development of scutes.

The Upper Cretaceous species of Diplomystus are in many respects the most primi-

tive clupeiforms known (Patterson 1967a). A derivation of Diplomystus from a

basal elopiform, such as the Upper Jurassic Anaethalion vidali, is unlikely in view

of the fact that Diplomystus has retained a basipterygoid process and a heavily

ossified mesethmoid (for the primitive and advanced condition of the ethmoid

elements see Patterson 1970b). Conversely, elopiforms could not have been derived

from a Diplomystus-like clupeoid since the latter is already specialized towards the

clupeoid condition in showing pre-epiotic fossae, a specialized path of the supra-

temporal commissure and certain specializations of the tail (Patterson 1967a : fig. 8 ;

Greenwood 1968 : fig. 32 ; Cavender 1966 : fig. 4).



FOSSIL AND RECENT 193

Thus it is improbable that clupeiforms were derived from known elopiforms or

vice versa. However, this does not rule out the possibility that these two orders

shared a common ancestor above the pholidophorid level, within the teleosts. The
ancestry of clupeiforms is obscure. Prior to the Albian no teleost is known to possess

any of the primary clupeiform cranial characters (for these, see Patterson 1970a).

Despite this, both the Clupavidae and the Leptolepididae have been considered

ancestral to the clupeiforms (Arambourg 1950, 1954).

Recently, Patterson (1970b) has indicated that the Clupavidae is a heterogeneous

assemblage containing many poorly known forms. Those species which may be

referred to the Clupavidae with any degree of certainty show a fusion of the first

ural centrum with the first preural centrum (Patterson, op. cit.), a feature only found

among euteleosteans.

This leaves the leptolepids as candidates for clupeiform ancestors. A suggested

leptolepid-clupeiform relationship is based upon gross similarities of jaw, trunk and
fin shape (Arambourg 1950, 1954). At present there is no firm evidence that the

leptolepids are involved in the ancestry of the clupeiform fishes, yet there is no reason

to reject such a suggestion.

The leptolepids could not have been ancestral to the elopiforms, since the latter

are more primitive in showing a dermethmoid which is separate from the mesethmoid.

In leptolepids the dermethmoid is fused with the mesethmoid. On the other hand,

elopiforms are more specialized than leptolepids in possessing a supraorbital-infraor-

bital sensory canal connection and in lacking a basipterygoid process. There is no
known teleost primitive enough to be considered ancestral to both the elopiforms and
the leptolepids or to the elopiforms and the clupeiforms.

In short, it is very unlikely that the elopiforms and the leptolepids are related

above the pholidophorid level and it is even more unlikely that the elopiforms and
the clupeiforms are related within the Teleostei.

Members of the Elopiformes have at one time or another been considered related

to members of the Osteoglossomorpha (following the work of Patterson 1967c, the

plethodonts are included in this assemblage : the ichthyodectids are also considered

related to osteoglossomorphs, Greenwood et al. 1966 ; Patterson 1967c). It is

unlikely that such a relationship exists within the Teleostei.

Garstang (1931) suggested a relationship between the Elopoidei and the Hyo-
dontoidei + Mormyroidei on the basis that at least some members of all three groups

show the development of an otophysic connection and a similarity in the opposition

of parasphenoid and basihyal teeth. However, the type of otophysic connection is

very different in the two groups and was probably developed independently. The
similarity in buccal occlusion may be explained as the retention of a primitive

feature, such as is found in pholidophorids, and is therefore of little use in indicating

relationship.

Woodward (1901) related the Osteoglossidae and Plethodontidae to the Albulidae,

mainly on the basis of the powerful buccal dentition seen in these families. In view
of the great dissimilarities in the pattern of the roofing bones, infraorbital bones,

vertebral column and caudal skeleton, the albulids appear far removed from these

osteoglossomorph fishes (see also p. 207).

13
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Bardack (1965) suggests that the plethodonts were derived from elopoids but the

reasons given do not stand critical examination. The similarity in dentition is a

convergent development (p. 207), the similarity in neurocranial architecture is merely

due to primitive characters (flat roof, medially united parietals and roofed post-

temporal fossae), and the common possession of an ossified interorbital septum is

again an example of convergence to meet a similar functional need.

The osteoglossomorphs are anatomically diverse, but the evolutionary trends which
have influenced osteoglossomorph anatomy are quite distinct from those manifest

in the elopiform complex. The osteoglossomorphs show :

a. The development (in the vast majority) of a predatory method of feeding

which is imposed upon the basic teleostean parasphenoid-basibranchial/basi-

hyal bite. This trend has resulted in a relatively immobile palate and upper

jaw and the retention of both a basipterygoid process and a well-ossified

ethmoid region (for a fuller discussion of osteoglossomorph jaw adaptations

see Greenwood et al. 1966).

b. Development of an otophysic connection in some ; but this is never developed

in either the megalopid or the clupeomorph fashion (Greenwood 1963).

c. Reduction and consolidation of the circumorbital elements (Nelson 1969b).

d. Close association between the upper jaw and the infraorbitals.

e. Development of a unique type of caudal skeleton (Greenwood 1966 ; Cavender

1966 ; Nelson 1969b) which can only be derived from the type found in Liassic

leptolepids or pholidophorids.

The diversity of the Osteoglossomorpha makes overall comparison with the

elopiforms difficult, but in none of the osteoglossomorph groups are there significant

features with counterparts in the elopiforms (for Ichthyodectidae see Bardack 1965 ;

for Tselfatioidei see Patterson 1967c ; for Osteoglossiformes and Mormyriformes see

Greenwood 1966 and Greenwood et al. 1966).

Palaeontological evidence suggests that the osteoglossomorph complex is an

ancient one ; the Hiodontoidei are first known from the Upper Jurassic (Greenwood

1970b), the highly specialized Tselfatioidei from the Albian, and the Ichthyodectidae

are recorded from the Tithonian (possibly as early as the Oxfordian, Bardack

I965)-

Ichthyodectids such as Allothrissops from the Kimmeridgian, and Thrissops from

the Oxfordian appear to be the least specialized osteoglossomorph fishes. Even in

these forms, however, there are features which militate against their having been

derived from, or having given rise to, elopiform fishes. Allothrissops, for instance,

is more specialized than elopiforms in showing a reduced supratemporal, a reduction

in the size of the antorbital and a restricted parasphenoid dentition. It also ap-

parently shows no distinct dermethmoid element (Patterson 1967a : fig. 2). The
supraorbital-infraorbital canal connection of Allothrissops is developed in a different

way from that seen in elopiforms. In Allothrissops the connection is indirect, via

the otic sensory canal, whereas in elopiforms it is direct.

Specialized features of primitive elopiforms which rule out their being considered

ancestral to Allothrissops and related teleosts include : loss of the basipterygoid

process, reduction in snout ossification, reduction of branching of the preopercular
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canal, and the more advanced type of caudal skeleton in which there is a differentia-

tion of the uroneural series (p. 91).

Between the remainder of the osteoglossomorphs and the elopiforms there is an
even greater ' incompatibility ' of specialized features, particularly in aspects of

caudal anatomy. In short, the present state of palaeontological knowledge suggests

that the osteoglossomorphs and the elopiforms are not related above the pholi-

dophorid level.

A comparison between the Elopiformes and primitive members of the Euteleostei

(salmonoids, osmeroids, esocoids, argentinoids, chanoids and gonorynchoids) is

difficult since the early history of euteleosteans is very poorly known. That all

euteleostean fishes were derived from a single teleost ancestor has yet to be demon-
strated, and the relationships between the primitive euteleosteans mentioned above

are not clear. It seems certain, however, that the euteleostean complex is an ancient

one since specialized members occur in Cenomanian times (Goody 1969b ; Patterson

1967b). In view of the uncertainty concerning the origin and early evolution of the

euteleosteans, remarks will at this stage be kept brief.

Elopiformes and each of the euteleostean groups appear divergently specialized

and any relationship of ancestor-descendant type between these two groups appears

impossible. However, the possibility of there having been an ancestor common to

the elopiforms and the euteleosteans cannot be ruled out.

In this connection the Upper Jurassic Anaethalion is of interest. The anatomy of

Anaethalion is poorly known, particularly with respect to cranial details. One of

the contained species, A. vidali from the Kimmeridgian of Spain, shows a pectoral

splint bone and is thus referred to the Elopidae (p. 36). I have examined a few

specimens of the species described by Nybelin (1967b) and am unable to determine

the presence or absence of a comparable splint bone in the Bavarian forms. For

the time being therefore the systematic position of most Anaethalion species must
remain in limbo (see also pp. 35-44). I would, however, like to draw attention to

certain features of the caudal skeleton of the genus.

The tail of many euteleostean fishes shows several distinctive features. Firstly,

the last few neural and haemal spines show the development of median expansions

of laminar bone (Patterson 1970b ; Greenwood & Rosen 1971). Secondly, in some
euteleosts, there are well-developed neural arches associated with the first preural and
first ural centra, which in these fishes may fuse with the first uroneural forming the

stegural (Paterson 1970b). The fate of these neural arches varies during the evo-

lution of different euteleostean lineages (for a discussion of the primitive euteleostean

tail see Patterson 1970b). Thirdly, the epural series of euteleosteans is composed of

two or three epurals which are usually of equal length, unlike the graded series seen

in the caudal skeleton of elopiforms.

Within the genus Anaethalion these ' euteleostean ' features are variously deve-

loped. Two forms mentioned by Nybelin (1967b), A. (?) cf. subovatus and A. sp.

(' £/o^>s-ahnlicher Fisch ', Nybelin 1963, 1971) show few of the above features. A.

angustissimus shows laminar bone, moderately well developed neural arches and
epurals of equal length (Text-fig. 18C, Nybelin 1971). A. knorri (Text-fig. 18D,

Nybelin, 1971) and A. angustus (Text-fig. 18B) both show laminar bone, but the
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neural arch associated with the first preural centrum is poorly developed (the neural

arch of the first ural centrum is not known). The epurals of these two species are

of unequal length and form a graded series.

Significantly, the elopiform Anaethalion vidali shows the development of laminar

bone and moderately expanded neural arches associated with the first preural and
ural centra, but the epurals form a graded series (Text-fig. 17).

Anaethalion cannot be regarded as ancestral to both the elopiforms and euteleo-

steans (assuming the latter to be monophyletic) since there are euteleosts such as

alepocephaloids and the osmerid-like Humbertia more primitive than Anaethalion

in possessing a basipterygoid process (for alepocephaloids see Gosline 1969 ; for

Humbertia see Patterson 1970b).

Considering the similarity between the caudal skeleton of primitive elopiforms

and euteleosts, there are two conclusions to be drawn. Either the development of

laminar bone has little significance in indicating relationship, having been developed

in parallel, or a true relationship exists, beneath the Anaethalion level, from an an-

cestor very similar to Anaethalion in which there was a basipterygoid process.

In summary, the Elopiformes show no relationship with either the Clupeomorpha
or the Osteoglossomorpha above the pholidophorid level. A relationship with the

euteleosts is suggested by the caudal anatomy of Anaethalion but definite evidence is

lacking.

The order Elopiformes is constituted by two radically different suborders, the

Elopoidei and the Albuloidei. Each suborder shows trends not seen in the other,

and it is difficult to discern any trend common to both. The elopoids retain the

greatest number of primitive characters and appear in the fossil record well before

the albuloids. On these criteria (and see below) the albuloids are considered to have

evolved from the elopoids.

Albuloids may be traced back to the Albian, where they are represented by
Osmeroides lewesiensis, a form that exhibits an essentially albuloid neurocranium

but resembles elopids rather than other albuloids in many primitive features (e.g.

48, 49, 50, 51, 55, 56, 58, 59, 60, 62, 63, 68 and possibly 69 from the list on p. 189).

The dichotomy between the albuloids and the elopoids must therefore have taken

place at some time prior to the mid-Albian. Within the elopoids only the primitive

Elopidae could have been ancestral to the albuloids. The other elopoid family, the

Megalopidae, shows trends very different from those seen in albuloids, such as deepen-

ing of the head and body, enlarged scales, enlarged post-temporal fossae and the

development of an otophysic connection.

(c) Suborder Elopoidei

The suborder Elopoidei consists of the conservative Elopidae and the more

specialized Megalopidae. Opinion is divided as to whether all elopoids should be

grouped in a single family or whether to recognize two families, as is done here.

Many authors, writing from a primarily neontological standpoint, recognize a single

family, the Elopidae (Boulenger 1910 ; Barnard 1925 ; Fowler 1936 ; Bertin &
Arambourg 1958 ; Okada i960 ; Hildebrand 1963). Hildebrand (1963) speaks

against separate family status for Elops on the one hand and Megalops (and Tarpon)
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on the other, quoting similarities in primitive characters (gular plate, numerous
branchiostegals, large maxillaries, etc.) to support his argument. Others have

adopted the families Elopidae and Megalopidae (e.g. Jordan 1923 ; Berg 1940 ;

Danil'chenko 1964 ; Romer 1966). It is perhaps significant that these latter authors

considered both fossil and Recent forms. Fishes grouped here as megalopids have

a long history, extending back at least to the Albian. Furthermore, megalopids

show several specializations of long standing that would not be appreciated by
including the megalopids with the elopids. Therefore, in recognition of the long

separate history and the fact that the megalopids show several specializations not

seen in the Elopidae, the megalopids are accorded separate familial status.

The Elopidae, the most primitive of the Elopiformes, are represented by Elops,

Davichthys and at least one species of Anaethalion (A. vidali). The primitive nature

of Elops has been stressed by many authors and both Saint-Seine (1949) and Nybelin

(1956) have suggested that Elops is a halecostome. This view has little to support it.

Firstly, Elops shows basic teleostean features such as perichordally ossified centra,

fin-rays of the lower caudal lobe that are supported by two hypurals which articulate

with a single centrum, modification of the ural neural arches to form uroneurals

(these caudal features have been used by Patterson 1967a, 1968a to define the

Teleostei), the development of a complete lateral commissure, and narial openings

which are situated close together and distinct from the nasal bone. Secondly, to

include Elops in the Halecostomi would result in all elopiforms, notacanthiforms and
anguilliforms also being considered as halecostomes and the term teleost would, in

consequence, have little meaning.

The Elopidae are recognized as a group distinct from other elopiforms by the

absence of specializations. This is clearly an unsatisfactory situation but one that

is very difficult to rectify. Trends within the fishes grouped here are few and minor :

the snout becomes slightly longer, with a resulting increase in the length of the

dermethmoid ; the quadrate/mandibular articulation shifts slightly posteriorly

with a corresponding slight increase in mandibular length ; the first infraorbital

develops an ascending limb which reaches the supraorbital and thus excludes the

antorbital from the orbital margin ; the preopercular sensory canal moves nearer

to the anterior margin of the bone and there is a reduction in branching of the infra-

orbital and preopercular sensory canals. A reduction in the branching of the

sensory canals is seen in all elopiforms and the upward growth of the first infra-

orbital is seen in megalopids.

Elops itself cannot be ancestral to any other elopiform since it lacks fringing fulcra

(present in megalopids and early albulids) and the ventro-lateral projections asso-

ciated with the dermethmoid (present in megalopids). Davichthys, from the

Cenomanian and Upper Santonian, retains these primitive features, but occurs too

late in time to be considered ancestral to either the megalopids or the albuloids, since

both the latter groups must have originated prior to the Albian. Interest thus

centres on Anaethalion vidali, an Upper Jurassic elopid, which does show certain

features normally associated with the megalopids (see p. 42).

The Megalopidae contains six (possibly seven) genera which show distinct speciali-

zations. The differences between the megalopids and their closest relatives, the
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elopids, are given below (Table I).

specialized.

In all these features the megalopids are more

Table I

Differeiices between the Elop idae and the Megalopidae

Character Elopidae Megalopidae

i. Body Rounded Compressed
ii. Neurocranium Shallow Deepened
iii. Quadrate/mandibular

articulation

Behind level of eye Beneath eye

iv. Middle pit-line Present Absent
v. Autosphenotic spine Weakly developed Well-developed

vi. Epiotic process Weakly developed Well-developed

vii. Post-temporal fossae Reaching anteriorly to the Reaching anteriorly to the

level of the autosphenotic
;

level of the orbitosphenoid
;

never confluent confluent in those that can be
examined in this respect

viii. Intercalar Moderately large Large and of complex shape
ix. Otophysic connection Absent Present

X. Rostral ossicles Two One, representing the more anterior

of elopids

xi. Pelvic fins Originating beneath or Originating beneath or anterior

posterior to the dorsal fin to the dorsal fin

xii. Anal fin Short based, first

pterygiophore short

Long based, first pterygiophore

long

xiii. Scales Lateral line tubes Lateral line tubes branched
unbranched

Trends within the Megalopidae include : the enlargement of the post-temporal

fossae with a corresponding increase in the convexity of the skull roof ; reduction of

parasphenoid teeth ; the development of a superior mouth and the development

of a large coronoid process on the mandible.

The megalopid neurocranium has been modified in response to the forward exten-

sion of the swimbladder and epaxial musculature. In primitive teleosts the bulk

of the epaxial musculature extends forwards into paired post-temporal fossae whose

anterior wall is formed by the autosphenotic of either side. In Recent megalopids

these fossae have become enlarged so that the anterior wall of the fossa is formed by
the orbitosphenoid and the fossae of either side are confluent above the cranial vault.

The vertical depth of these fossae has also increased resulting in greater convexity

of the skull roof in the otic region. Many teleosts have retained post-temporal

fossae, but the enlargement of these vacuities is a feature unique to the megalopids.

Some other groups, e.g. salmonids and ichthyodectids, have supplemented the post-

temporal fossae by the development of grooves upon the roof, while a general ten-

dency among clupeomorphs and more advanced protacanthopterygians is to erode

the roof so producing a post-temporal groove.

The otophysic connection of the Megalopidae is of a simple type, totally unlike

that found in other groups possessing a swimbladder-cranial linkage (clupeomorphs,

notopteroids and juvenile mormyriforms, Greenwood et at. 1966). Although the
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megalopid otophysic connection was probably derived from a basic type (see foot-

note, p. 189) common to the other groups mentioned, its subsequent development

has followed a different and restricted path. There is never any direct connection

between the swimbladder and the endocranial cavity and the association of the

precoelomic diverticulum with the intercalar is unique.

There are several minor osteological and soft anatomical differences between the

otophysic connection of Megalops and Tarpon (Greenwood 1970a), but there is

nothing to suggest that both types were not derived from a common ancestral type

very much like that of Tarpon. The Eocene megalopids exhibit a simple type of

otophysic connection in which the lateral cranial wall has a single large depression

for the swollen end of the swimbladder, which presumably lay against the skull at

this point as in Tarpon. The diverticulum could not have been as closely associated

with the cranium as it is in the Recent megalopids since the vagus foramen, the

glossopharyngeal foramen and the posterior opening of the jugular canal still occupy

primitive positions. In the Recent megalopids the nerve foramina have moved to

allow the swimbladder to fit tightly under the intercalar. Thus in both Tarpon and
Megalops the glossopharyngeal leaves the neurocranium immediately beneath the

vagus and slightly behind the level of the intercalar. The posterior opening of the

jugular canal has moved upwards, so much so in Megalops that it opens directly

into the subtemporal fossa, and the head vein has acquired a different spatial rela-

tionship to the intercalar (see p. 67).

The intercalar of the Recent megalopids has been described in detail by Greenwood
(1970a) and shown to be more complex in Megalops than in Tarpon. However, in

both there is a lower intercalar limb associated with the swimbladder diverticulum.

Specimens of the Eocene megalopids do not show a lower intercalar limb yet it is

assumed that one was present and that it was developed much as in young Tarpon

(see Greenwood 1970a) . If the lower intercalar limb was absent in the Eocene species

one would be forced to recognize that an identical intercalar development had taken

place twice, a view with little to recommend it. A lower intercalar limb must have
been present in Protarpon as well as in Promegalops since the latter has a neurocranium

more like that of the more specialized Megalops than Tarpon. The apparent absence

of the lower intercalar limb in the fossil representatives is not surprising in view of

the fragility of the pedicel connecting the lower limb to the main body of the inter-

calar.

The caudal anatomy of the Megalopidae is primitive and essentially similar to the

Elops-type. Loss of the urodermal is derived relative to the Elops condition, but

the retention of fringing fulcra is primitive.

Fringing fulcra are rare among teleosts. Besides the Megalopidae, fringing fulcra

are known in Leptolepis (Leptolepididae), Lebonichthys (Albulidae), Anaethalion

(? Elopidae) and Davichthys (Elopidae). All members of the Megalopidae in which
the caudal fin is known show fringing fulcra. Fringing fulcra in teleosts are con-

fined to the region above the uppermost principal caudal raj', and, except in Seden-

horstia and older specimens of Megalops, only one or two are usually present.

In the teleosts mentioned above, the upper principal caudal ray is preceded by a

number of fringing fulcra in front of which lie a number of fin-rays variously termed
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epaxial fin-rays (Gardiner 1970), raylets (Hollister 1936; this term applied to those

rays which are not articulated), accessory rays (Goody 1969b), procurrent rays

(Patterson 1968b) or basal fulcra (Patterson 1968a). Irrespective of terminology,

these rays, which are supported by epurals or neural spines, appear to represent

fringing fulcra that have migrated downwards (Gardiner 1970). In support of this

interpretation is the fact that, in most lineages, fringing fulcra occur prior to epaxial

rays, the exception being the pholidopleurid Australosomus.

It is hypothesized that in the primitive actinopterygian tail there were no fin-rays

above the axis of the notochord. All rays now found in this position are derived

from fringing fulcra that have moved down and forwards. The downward move-
ment of fringing fulcra has occurred in the lineages leading to the pholidopleurids,

pycnodonts, perleidids, pachycormids, amioids and teleosts, and in all instances it is

associated with tail shortening. Having moved down, the fringing fulcra become
basal fulcra (epaxial fin-rays, etc....), supported by endochondral elements.

Subsequent elongation of the basal fulcra produces the need for articulation. Mega-
lops and Tarpon are unusual among teleosts retaining fringing fulcra in having

articulated basal fulcra, although a great many teleosts without fringing fulcra have

articulated basal fulcra.

A more vexatious problem concerns the origin of the fringing fulcra themselves.

Reasonable suggestions as to their origin fall into three categories : firstly, derivation

from the median scale row ; secondly, derivation from the repeated unilateral

dichotomy of the leading fin-ray ; thirdly, breaking up of the articulated leading ray.

For the first hypothesis there is little evidence. A median scale row would form an

equally effective cutwater as a fulcral element formed of two lateral halves, and
there is no reason to believe that scales broke into lateral halves.

The second hypothesis, that fringing fulcra arose by unilateral dichotomy of the

leading fin-ray, was suggested by Gardiner (1970). Such a development followed

loss of the cutwater previously provided by the median scale row and the scaled

body lobe of the tail. That fringing fulcra are not found in early actinopterygians

with unbranched fin-rays supports this view. Furthermore, the first occurrence of

caudal fringing fulcra is concurrent with the first occurrence of caudal ray branching

(Stegotrachelus finlayi, upper Middle Devonian of Scotland) . However, if fringing

fulcra were formed by branching of the leading ray, numerical correspondence would

be expected between the fulcra and the segments of the supporting ray. Ideally,

one fulcrum would be associated with one articulation. This is certainly not the

case in the Elonichthyidae (Gardiner 1970), and in a range of genera examined there

was never any constant numerical relationship between the fulcra and the articula-

tions of the supporting ray. One final point is that the number of fulcra would be

fixed at an early ontogenetic stage, when, although not necessarily ossified, the rays

exhibit the adult branched condition (observations on young Tarpon).

In Megalops (and to a lesser extent in Tarpon) the number of caudal fringing fulcra

increases throughout the life of the individual (Text-fig. 34), long after the caudal

rays have ossified. Furthermore, the ray immediately anterior to the uppermost

principal in Megalops shows articulations which lie at an increasingly oblique angle

distally ; it is possible that the posterior articulations become separated as fringing
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fulcra. This is the third hypothesis mentioned above. It is interesting to note

that in some pholidophorids (Pholidophorus bechei and Pholidolepis dorsetensis, see

Patterson 1968a) there is a reduced ray which lies at the base of the fringing fulcral

series and which perhaps represents the basal articulation of a ray which has frag-

mented distally into many fringing fulcra.

A distinctive feature of both Megalops and Tarpon is the elongate last ray of the

dorsal fin. This feature is of little use in indicating relationships since it has

developed in Dorosoma and Opisthonema (Clupeidae) and also in the albulid Dixonina.

In Tarpon and Megalops the growth of this terminal filament shows positive allo-

metry. The independent development of the terminal filament in the three groups

of fishes mentioned may have functional significance. The dorsal fin-rays of Mega-
lops and Tarpon are relatively immobile, with a weak basal musculature. Most of

the rays are oval in cross-section but in the last ray the filament is ' T '-shaped

with the stem of the ' T ' directed anteriorly. The wings of the ' T ' are broad,

particularly at the base of the ray, and extend laterally from the plane of the fin.

When erect, this filament will produce turbulence resulting in drag opposing the

forward momentum of the fish. I suggest that the flexible filament is forced to a

nearly horizontal position when the fish is swimming rapidly, with the water pressure

acting against the erector muscles. In this horizontal position the filament would
produce minimum drag. As the speed of the fish decreases the filament will become
more vertical, producing a drag component which is located behind the centre of

gravity. In this position the drag would be useful in aiding the fish to decelerate

before the flexure of the body and caudal fin allow the animal to turn.

Lineages within the Megalopidae. Sedenhorstia stands apart from other mega-
lopids in both primitive and advanced characters. The primitive characters include

the small scales, simple dorsal fin without an elongated terminal filament, and
shallow lower jaw without a prominent coronoid process. Specialized features

include the dentition, which is represented by a single row of teeth in the upper and
lower jaws, the ossifications within the dorsal ligament, and fusion of the neural

arches associated with the first preural and first ural centra. Such specializations,

although few and minor, divorce Sedenhorstia from the ancestry of Eocene mega-
lopids. Furthermore, Sedenhorstia occurs too late (Cenomanian-Campanian) to be

ancestral to a more ' typical ' megalopid such as Elopoides.

The Albian Elopoides exhibits no specializations that would preclude it from con-

sideration as an ancestor to the later megalopids. The depth of the cranium and
the steep profile of the skull roof suggest that the post-temporal fossae were already

large in this form, and the megalopid nature of the dentary, maxilla and scales is

evident. Mention was made above (p. 85) of the apparent resemblance of Elopoides

to Megalops rather than Tarpon, particularly with respect to the depth of the cranium

and the large orbit. These features may be interrelated as a function of the absolute

size of the fish. A small fish may be expected to have a relatively large eye, and
hence a greater bulk of eye musculature accommodated within a deepened myodome.
This, in turn, would effectively reduce the depth of the branchial chamber. To
compensate, the suspensorium became deeper. Thus the apparent resemblance to

Megalops may not have phyletic significance in this particular case. In other



202 ELOPIFORM FISHES

features Elopoides may be considered ancestral to either or both of the Eocene

megalopids.

Of the Eocene megalopids, Protarpon and Promegalops, the former is more primitive

and resembles Tarpon. Promegalops is closely related to Megalops, the similarities

including the shape of the neurocranium and the position of the lower jaw articula-

tion. Whether Promegalops is more closely related to Protarpon or Elopoides is

unknown, there being no evidence one way or the other.

(d) Suborder Albuloidei

The suborder Albuloidei consists of three families, the Albulidae, Pterothrissidae

and Osmeroididae (nov.). The suborder is known in the fossil record from the Albian

and is represented in the Recent fauna by three genera (Albula, Dixonina and Ptero-

thrissus). The Albulidae and Pterothrissidae are very much alike, more so than

either is to the stem family, the Osmeroididae, and in the discussion of the families

the first two are considered together. The Osmeroididae show few of the specializa-

tions of the Albulidae or the Pterothrissidae.

Fishes grouped here as the Albulidae and Pterothrissidae have been recognized

as a distinct assemblage but placed near the elopoid fishes because of the common
possession of many primitive features (Ridewood 1904). The Osmeroididae,

containing the genus Osmeroides and possibly Dinelops, have in the past been asso-

ciated with the Elopidae (Woodward 1901 and all subsequent authors). Although

Osmeroides does not show many albuloid specializations, it shares with these fishes

a pattern of neurocranial architecture which is significantly more advanced than

that of the Elopidae and completely different from that of the Megalopidae. Fur-

thermore, within the genus Osmeroides can be seen the initiation of morphological

trends that were to become fully expressed in both the Albulidae and the Ptero-

thrissidae. In other words, the Osmeroididae are a link between the Elopidae on

the one hand and the Albulidae and Pterothrissidae on the other. The Osmeroididae

are included in the Albuloidei on the basis of neurocranial specializations.

In all albuloids the neurocranium is shallow and the subtemporal fossa is deep,

extending inwards to partially occlude the post-temporal fossa. The latter is small

and directed antero-medially. The sub-epiotic fossae augment the post-temporal

fossae in receiving the epaxial trunk musculature. The dilatator fossae are always

deep, narrow dorso-ventrally and completely roofed. In the lateral neurocranial

wall there is a large ridge running across the face of the prootic which provides a

point of attachment for the anterior branchial musculature. The otic bulla, con-

taining the sacculith, is very large and precludes any possibility of there being a

primitive type of otophysic connection (cf. Megalopidae). There is no prootic-

intercalar bridge, indeed the intercalar is reduced in albuloids. The lateral ethmoid

and parasphenoid meet, sometimes in a suture. Finally, there is a deep depression

at the base of the parasphenoid ascending wing, the significance of which is not known.

Other advanced cranial characters found in nearly all albuloids are the enlarged

sensory canals (developed to varying degrees throughout the group), a reduced

supratemporal, resulting in the middle portion of the supratemporal commissure

running in the skin, and the position of the quadrate/mandibular articulation which
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is always beneath the orbit or the lateral ethmoid. The trunk of albuloids is rounded

and the head is nearly as broad at the occiput as it is deep.

Trends and characters seen in the more 'advanced ' albuloids include the following :

i. Enlargement and modification of the sensory canals,

ii. Roof of the neurocranium with anterior ridges and troughs, particularly in

the snout region, which is slightly elongated,

iii. Hyopalatine series long, shallow, with an anteriorly directed quadrate.

The symplectic is large and the palatine has processes articulating with both

the mesethmoid and the lateral ethmoid,

iv. Vomer reduced.

v. Mouth small, inferior and specialized for bottom feeding.

vi. Premaxilla forming much of the oral margin of the upper jaw, maxilla

reduced, with its head inturned and moving independently of the ' fixed
'

premaxilla. A single supramaxilla.

vii. Differentiation and modification of the palatal and basibranchial dentition,

viii. Specialization of the dentition associated with the gill arches.

ix. Dentary with a strongly developed, inflected ventral border, and correlated

with this a reduction in size of the gular plate which may (Albula) be

vertical.

x. Dermal jaw dentition of fine needle-like teeth.

xi. Modification of the caudal skeleton, involving reduction in the number of

epurals, hypurals and uroneurals.

The albuloid neurocranium is distinctive in showing a slightly protruding snout

which, in dorsal view, is narrow and marked by ridges and troughs associated with

the enlarged supraorbital sensory canal. The Osmeroididae generally have no promi-

nent ridges on the roof but Osmeroides latifrons shows a neurocranial roof much like

later albuloids. Enlargement of the sensory canals is seen throughout the group.

In the basal Osmeroides lewesiensis the cephalic sensory canals run entirely within

the bones, opening to the surface by pores. In 0. latifrons the supraorbital canal

opens to the surface above the lateral ethmoid and continues forward in a shallow

trough, which probably also contained the nasals. In this respect this form resembles

the Albulidae. In the Pterothrissidae the supraorbital canal runs within bone for

a short distance only ; thus in Pterothrissus the canal opens above the posterior

half of the orbit. The otic canal of the Pterothrissidae and of Lebonichthys among
the Albulidae is only partially covered by bone.

In the Albulidae, and to a greater extent in the Pterothrissidae, the infraorbital,

mandibular and preopercular canals are only partially covered by bone. The open
infraorbital canal results from the coalescence of adjacent sensory pores, a trend

which is first seen in 0. latifrons. The enlargement and opening out of the man-
dibular canal has also taken place within Osmeroides. Thus 0. lewesiensis and 0.

levis show an intramural canal, while the only portion of the mandibular canal

contained within bone in 0. latifrons is in the articular. In both the Albulidae and
the Pterothrissidae the mandibular canal lies in a shallow groove, never passing

through bone. Associated with enlargement of the mandibular canal, the ventral

edge of the dentary becomes inturned so that in the Albulidae and Pterothrissidae
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the lower margins of the rami meet in the ventral mid-line. The skin between the

jaw rami is folded in the Recent albuloids and in Albula the gular plate, which is

necessarily reduced in size, lies vertically. The Pterothrissidae have lost the gular plate.

The sensory canal system of the snout in the Albulidae and Pterothrissidae is

peculiarly modified and provides a possible link with the Notacanthiformes. Primi-

tively, as in 0. lewesiensis, the infraorbital canal ran from the first infraorbital to the

dermethmoid where it joined its partner of the opposite side through the ethmoid

commissure. Although they have not been found, it is assumed that there were

canal-bearing rostral ossicles between the dermethmoid and the first infraorbital in

0. lewesiensis. In the Albulidae and Pterothrissidae the snout has turned downwards
and the ethmoid commissure, no longer in its primitive position, is not a continuous

transverse canal. Rather the infraorbital canal now descends through rostral

ossicles on to the premaxilla. The extension of the infraorbital canal on to the pre-

maxilla is a development unique to albuloids and notacanthiforms.

The premaxilla of 0. latifrons is unknown but it is suspected that canals were

developed on the premaxilla in this form among the Osmeroididae.

In addition to the modified infraorbital canal, in the Pterothrissidae the supra-

orbital sensory canals of either side unite across the dermethmoid. In Albula the

supraorbital sensory canals are separated anteriorly by a median cavity which is

isolated from the canals on either side by membrane (Gosline 1961). The similarity

of this condition to that in anguilliform fishes has been noted by Gosline (1961).

In the majority of ' lower ' teleostean fishes the sensory canals open to the surface

by large pores. In the Albulidae and Pterothrissidae, however, the canals are

covered by taut skin perforated by many tiny pores. The canals themselves are

probably filled with water and the taut skin acts like a tympanum, resonating in

sympathy with impinging vibrations. With the exception of the supraorbital, otic

and temporal canals, the sensory canals are directed ventro-laterally and ventrally

and accord with the benthic habit of the albuloids.

There are many other fishes with a cavernous canal system. The majority are

inhabitants of deep water (e.g. Macrouridae), but there are also shallow-water forms

(e.g. Notopteridae). The presence of a cavernous sensory canal system is therefore

not necessarily related to habitat, and while its significance (other than perhaps

increasing sensitivity) is not understood, its advanced nature is undoubted.

With the slightly elongated snout and the short, anteriorly situated lower jaw, the

hyopalatine apparatus of the Albulidae and Pterothrissidae has become modified.

The hyopalatine series is long and shallow with the articular face of the quadrate

directed anteriorly. The shifting of the quadrate/mandibular articulation has been

achieved by forward displacement of the quadrate which is linked to the hyo-

mandibular by a somewhat lengthened and flattened symplectic. The metaptery-

goid has come to support the symplectic. A condition very much like that seen in

Recent albuloids is found in 0. latifrons (Text-fig. 59).

A further development in the hyopalatine series of most albuloids is the large

foramen between the hyomandibular and the metapterygoid, through which pass

deeper fibres of the levator arcus palatini muscle. In 0. lewesiensis and 0. latifrons,

as in the elopoids and some other teleosts, the metapterygoid bears a ridge on the
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medial side of which the levator arcus palatini inserts. The albuloids possessing

the above mentioned foramen do not show such a ridge. The only other ' lower
'

teleosts I have examined in which there is a comparable foramen are Chaetoessus

and Chanos, but in these forms there is apparently no passage of musculature

through this aperture.

The ectopterygoid of albulid and pterothrissid fishes is produced dorsally into a

well-defined process which lies against, and supports, the flimsy infraorbital bones

beneath the orbit. A comparable structure is found in most elopiforms but it never

reaches the same proportions as in the albuloids. In 0. latifrons this ectopterygoid

process, although a rudimentary spine-like structure, is set in typical albuloid

fashion. Elsewhere an ectopterygoid process is rare but does occur in the clupeid

Dussumieria (Ridewood 1904).

The palatine is, as in all elopiforms, composed of distinct endoskeletal and dermal

components. The former is often cartilaginous (ossified in 0. lewesiensis) and
articulates with the neurocranium at two points, anteriorly with the mesethmoid or

ethmoid cartilage and posteriorly with the lateral ethmoid. Among elopiforms,

the lateral ethmoid projection of the palatine is only found in albuloids. Such a

palatine-neurocranial connection gives some rigidity to the palate. Elsewhere, a

close and rigid juxtaposition of palatine and lateral ethmoid is found in predatory

fishes taking large prey such as the Chirocentridae and, presumably, the fossil

Ichthyodectidae, and is a development in response to a strong biting force.

The upper and lower jaws of the Albulidae and Pterothrissidae are distinctive and
produce an inferior mouth suitable for bottom feeding. Osmeroides shows a terminal

mouth (the condition in 0. latifrons is not known) while in Lebonichthys and Istieus

it is only slightly inferior. The inferior mouth is produced by a combination of

snout elongation and shortening of the lower jaw. Jaw teeth of later albuloids are

found only on the premaxilla and dentary (a few maxillary teeth remain in Istieus

and Pterothrissus) and the reduced maxilla supports a single supramaxilla.

The premaxilla is firmly bound to the ethmoid region by ligaments and is capable

of only the slightest lateral movement. The head of the maxilla is turned sharply

inwards and in the Albulidae and Pterothrissidae there is no separate palatine process

on the maxilla as there is in the Osmeroididae and the Elopoidei. Instead, the

rounded palatine head fits against the rear of the maxillary head. The maxilla of

Recent albuloids is capable of limited independent movement ; only when the mouth
is fully open does it enter the gape.

The dentition of the Albulidae and Pterothrissidae is significantly different from
the primitive type seen in 0. lewesiensis. In albulids and pterothrissids the dentition

borne by the maxilla and the premaxilla consists of a broad band of needle-like teeth

in contrast to the small villiform teeth borne by these elements in 0. lewesiensis.

The shape of the teeth of 0. latifrons is intermediate.

The palatal dentition is different in each of the three albuloid families. The
Osmeroididae are primitive in having small, villiform teeth on the parasphenoid,

dermopalatine, endopterygoid, ectopterygoid, basihyal and basibranchial. The
teeth of 0. lewesiensis and 0. levis are more or less uniform in size but those of 0.

latifrons differ both in size and shape. The albulid dentition is modified for crushing
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shelled invertebrates and the parasphenoid is equipped with large hemispherical

teeth which are opposed by similar teeth on the basibranchial plate.

The pterothrissids have slightly enlarged, conical teeth on the parasphenoid,

endopterygoid, basibranchial and basihyal tooth plates. There are generally fewer

teeth than in other albuloids ; indeed in Pterothrissus the parasphenoid teeth, although

well developed, are confined to the region beneath the parasphenoid ascending wings.

The difference in dentition no doubt reflects a difference in diet between the families,

the albulids feeding essentially on molluscs and crabs while the Recent pterothrissids

prey on the thinner shelled crustaceans. Stomach contents of Pterothrissus gissu

taken off the coast of Japan (depth unknown) revealed an almost exclusive diet of

caridean malacostracans.

Crushing dentition, of which one example is seen in the Albulidae, is of relatively

rare but repeated occurrence among actinopterygians. The condition is clearly

specialized and suited to fishes of a restricted ecological niche. Within the Chon-

drostei, such fishes as the Amphicentridae and the Bobasatraniidae have a crushing

dentition principally involving occlusion between the pterygoid and coronoid teeth.

Bobasatrania has a basibranchial plate with crushing teeth (Nelson 1969a).

In the Holostei the Pycnodontiformes (and to a lesser degree the Semionotidae)

show a crushing dentition developed upon the dentary and the so called ' splenials
'

(held to be the result of fusion between the articular, coronoid and splenial, Nursall

1964). Unlike the chondrostean examples, the opposing dentition in pycnodonts

is borne by the enlarged vomer, which together with the parasphenoid is keyed to

the stout ethmoid. These fishes generally have short jaws.

Among teleosts a crushing dentition is more often developed in various ways
within the buccal cavity and pharynx. In Albulidae, Phyllodontidae and Pletho-

dontidae the grinding dentition is upon the basibranchium and parasphenoid (some-

times also the endopterygoid). Such a development is the result of specialization

involving the basic or primary teleostean bite. Pristolepis is unique among acantho-

pterygians in showing a toothed parasphenoid opposed by a crushing dentition on the

basibranchial complex. However, here a secondarily enlarged basihyal is involved

(Nelson 1969a).

Other teleosts exhibiting a grinding or crushing dentition show specialization of

the posterior gill arch elements. Thus, some cyprinids have molariform teeth on the

fifth ceratobranchials which work against a callus pad on the ventral surface of the

neurocranium. The labroids have opposed upper and lower pharyngeal plates. A
development of grinding teeth in the posterior part of the branchial arches is con-

comitant upon the possession of a protrusile jaw mechanism and mobile pharyn-

geals, the latter correlated with the development of retractores arcuum branchialium

muscles. All these features are found in fishes which have lost the primary teleostean

bite.

A crushing dentition has therefore arisen several times and in each case the teeth

involved have been determined by the ' evolutionary grade ' ot the fishes concerned.

Apart from the Phyllodontidae, about which very little is known, some of the

plethodonts have a dentition somewhat similar to the Albulidae. This similarity

has led to a suggested relationship between these two groups. Woodward (1901)
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placed the plethodont Ananogmius with the albulids and expressed doubt as to

whether Plethodus, Thryptodus and Pseudothryptodus should be affiliated with the

Osteoglossidae or the Albulidae. There are a great many characters suggesting

that the plethodonts are in no way related to the albulids, including details of the

cranial roof, infraorbitals, pectoral girdle, vertebral column and caudal skeleton.

With respect to the dentition, although the teeth of plethodonts are developed on

the same bones as in albulids, those that show a definite adaptation towards crushing

(Plethodus and Ananogmius) have molariform teeth coalesced into enlarged dental

plates with a histology resembling that of the ' tubular dentine ' of dipnoans (Pat-

terson 1967c). This is in contrast to the well-defined, discrete teeth of albulids.

Together with the many other anatomical differences, especially the trenchant differ-

ences in caudal anatomy, this suggests that the albulids are not related to the pletho-

donts and that the crushing dentition in these groups is a convergent development.

The dentition on the parasphenoid of albulids needs support to resist the strong

upward bite. Thus it is not surprising to find an ossified interorbital septum in

Albula and Dixonina. The albulid interorbital ossification is formed by ventral

extension of the orbitosphenoid and the enlarged basisphenoid. The parasphenoid

is further braced by sutural contact with the lateral ethmoid. A similar method of

bracing the parasphenoid is seen in 0. lewesiensis, which has an equally large para-

sphenoid. In this form, however, the interorbital septum is incomplete. It is

interesting to note that in some plethodonts (Patterson 1967c : 227) the interorbital

septum is also ossified. The sporadic occurrence of an ossified interorbital septum

suggests that this character is not a good phylogenetic criterion. 0. latifrons,

which has a very broad parasphenoid, and Lebonichthys, in which the parasphenoid

is virtually identical with that of Albula, both lack an ossified interorbital septum.

The branchial arches of albuloid fishes (only completely known in the Recent

forms) differ from the primitive elopoid type in lacking a fifth epibranchial and in

having the first suprapharyngobranchial represented by cartilage only (the second

is absent in albuloids). The dentition associated with the arches is more distinctive.

In the Albulidae and Pterothrissidae the basibranchial tooth plate carries a specialized

dentition (see above). The dentition on the other gill arch elements consists of a

few rounded tooth plates which are clothed with tiny, needle-like teeth. These

tooth plates are few in number and totally unlike the elopoid condition, where the

tooth plates form a continuous coating on the oral surface of the gill arches. The
albuloid gill-rakers are few in number and only developed to any extent on the first

branchial arch. Each gill-raker is club-shaped, the stem being narrow while the head
bears a cluster of minute teeth similar to those on the tooth plates.

The dentition associated with the branchial arches of the Osmeroididae is incom-

pletely known. The basibranchial tooth plate of 0. levis is very much like that of

Elops and is thus primitive. Upper pharyngeal plates of 0. latifrons are rounded,

as in albulids and pterothrissids. There is no substantial guide in the known gill

arch anatomy to suggest a link between the Osmeroididae and other albuloids.

Among elopiforms the albuloids show a distinctive hyoid bar, with the upper and
lower hypohyals offset, both with respect to one another and to the anterior cerato-

hyal. The afferent mandibular artery (which in most lower teleosts runs through
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both hypohyals) runs through the lower hypohyal only, before piercing the cerato-

hyal to emerge on the dorsal surface of that bone at the bottom of a prominent groove.

The afferent mandibular artery of Albula is contained within the anterior ceratohyal

and never passes through a hypohyal.

The paired fins, girdles, median fins and preural vertebral column of albuloids are

very similar to those of other Elopiformes, retaining such characters as pelvic splint

bones, autogenous neural and haemal arches and parapophyses, and both epipleural

and epineural intermuscular bones. In keeping with the rounded trunk the pleural

ribs tend to be short, incompletely encircling the body cavity.

Apart from the primitive caudal skeleton of 0. lewesiensis (which differs from Elops

only in possibly having a fourth uroneural) the albuloid tail is distinctive. There

are only two uroneurals, the first of which is large and extends to the first preural

centrum (in Istieus it just covers the second preural centrum). The second uroneural

extends considerably beyond the distal tip of the first while in the Pterothrissidae

the proximal end of the second uroneural lies well above the second ural centrum.

There are six hypurals, one less than in elopoids. The bases of the inner fin-rays of

each caudal lobe are unexpanded, unlike many primitive teleosts, including elopoids.

There are many basal fulcra above and below the principal rays, and fringing fulcra

are retained in Lebonichthys. There are minor details in which the caudal skeleton

of the albulids differs from the pterothrissids and these are mentioned in the discussion

of those families.

The similarity in neurocranial architecture between the Osmeroididae on the one

hand and the Albulidae and Pterothrissidae on the other is held to be of paramount
importance and has led to the inclusion of the Osmeroididae within the Albuloidei.

The more advanced osmeroidids show trends in other cranial bones which are

decidedly albuloid.

The differences between the osmeroidids and other albuloids are essentially those

in which the former family is primitive. These primitive features (with respect to

the other albuloids) include : a terminal mouth ; the simple maxilla, with a distinct

palatine head and forming a substantial portion of the functional jaw ; the presence

of two supramaxillae ; the dentition ; the sensory canal system, which is never

cavernous although it may be slightly enlarged ; the ornamented cranial bones ; and
the caudal skeleton (at least in 0. lewesiensis) which has more than two uroneurals

and in which the bases of the inner rays are expanded.

Osmeroides is the type osmeroidid genus and contains species known from the Albian

to Coniacian of Europe and possibly Japan (Yabe & Okada 1930). 0. lewesiensis

appears to be the most primitive species, with the closely related 0. levis and the more
distant 0. latifrons as derivatives. Of the three species, 0. latifrons appears closest

to the ancestry of both the Albulidae and Pterothrissidae.

The great similarity between the Albulidae and Pterothrissidae suggests that they

were derived from a common ancestor. Important similarities have been men-
tioned above but may be summarized as the following : snout elongated, mouth
inferior

;
premaxilla with fine, needle-like teeth bearing a sensory canal and forming

most of the upper jaw margin ; hyopalatine series with a long palatine, an ectoptery-

goid process and a hyomandibular-metapterygoid foramen ; branchial arches with



FOSSIL AND RECENT 209

a few club-shaped gill-rakers, dental plates with minute needle-like teeth ; cavernous

sensory canal system ; caudal skeleton with two uroneurals and six hypurals.

The origin of these two families is to be found in the Osmeroididae. The Albulidae

and Pterothrissidae differ from one another in several respects (some of which have

been referred to above) . Each family has retained and developed features not found

in the other and these are listed in Table II.

Table II

Differences between the Albulidae and the Pterothrissidae

A Ibulidae

i. Gular plate present

ii. No median connection of supraorbital

canals

iii. Parietals shorter than broad and
irregular in shape

iv. Interorbital septum often ossified

v. Parasphenoid broad, sutured with lateral

ethmoid
vi. Dentition of grinding teeth on

parasphenoid and endopterygoid,

opposed by basibranchial tooth plate

bearing a similar dentition (basihyal

tooth plate edentulous or absent)

vii. Maxillary teeth absent (except in

Lebonichthys lewisi)

/iii. Vomer and palatine with needle-like

teeth

ix. Infraorbitals behind eye completely

covering the cheek region

x. Branchiostegals not less than 12 in

number
xi. Dorsal fin short (slightly elongate in

Lebonichthys), anal short

xii. Caudal skeleton with complete neural

spine on second preural centrum, caudal

scute present above and below peduncle.

Hypurals broad, narrow gap between the

second and third hypurals. Usually two
epurals

Pterothrissidae

Gular plate absent

Supraorbital canals of either side united

Parietals square or longer than broad and
regular in shape
Interorbital septum never ossified

Parasphenoid narrow, not sutured with

lateral ethmoid
Dentition of conical teeth on
parasphenoid, endopterygoid and
ectopterygoid opposed by basihyal and
basibranchial tooth plates bearing a

similar dentition

Maxillary teeth present

Vomer and palatine edentulous

Infraorbitals behind eye narrow and
incompletely covering the cheek region

Never more than 10 branchiostegals

Dorsal fin long, extending along most of

back, anal slightly elongated

Caudal skeleton with a half spine on
second preural centrum, no caudal

scutes. Hypurals slender, large gap
between second and third hypurals.

Usually three epurals

Many of the above features are self-explanatory and little discussion is given here.

Some of the differences are specializations due to varying diets (features iv, v, vi)

or different body form (xi). The reduction of the cheek covering (ix) in the

Pterothrissidae may be related to the reputed deep-sea habit since a reduction of

ossification is often noted in fishes from this environment. In features i and ii the

Pterothrissidae are more advanced while the Albulidae are more advanced in features

iii and vii.

M
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Since there is a trend to reduce the dentition, the albulids may be held to be more
primitive in the retention of palatine and vomerine teeth (feature viii). However,
the teeth borne by these elements are needle-like and differ from the teeth in a similar

position in the Osmeroididae. The vomerine teeth in albulids are raised on a short,

transversely orientated pedicel to bring them on a level with the palatine teeth.

Together these teeth form a complete semicircle of backwardly pointed teeth lying

within a similarly shaped band of premaxillary teeth. Thus, while their retention

may be primitive, their form is specialized.

The coronoid process of albulids is situated posteriorly while that in Pterothrissus

among pterothrissids is situated anteriorly and is forwardly directed. This differ-

ence may be related to the position of the quadrate/mandibular articulation, which

lies beneath the posterior half of the orbit in the Pterothrissidae and the anterior half

of the orbit in the Albulidae. The anteriorly situated coronoid process in Ptero-

thrissus has the same disposition with respect to the lateral ethmoid as in Albula,

where the process is situated posteriorly. The insertion of the A 2 + A3 division

of the adductor mandibulae is correlated with the position of the coronoid process

and it is suggested that in Pterothrissus the forwardly situated coronoid process has

in some measure compensated for the more posterior position of the jaw articulation.

The difference between the families in the number of branchiostegal rays (feature

x) may also be related to the position of the quadrate/mandibular articulation. In

both Albula and Pterothrissus the jaw rami are close together in the ventral mid-line

and the anterior end of the hyoid bar (Tchernavin 1953) does not extend between the

jaws to any great extent. The distance between the ventral end of the hyomandibular

and the rear end of the mandible is relatively greater in Albula than in Pterothrissus

and the hyoid bar is longer. As the number of branchiostegal rays is proportional

to the length of the attachment area (Gosline 1967) the pterothrissids would be

expected to show a lower branchiostegal count.

It is of interest to note that in Lebonichthys (Albulidae) the large gular plate

separates the jaw rami and although the jaw articulation is in the ' pterothrissid

position ' the hyoid bar is long and extends well between the jaw rami. The loss,

or great reduction, of the gular plate may have indirectly affected the shortening of

the hyoid bar.

The Albulidae are known by representatives from the Eocene of Africa and

Europe and the Upper Cretaceous of Asia and North America. All but one of these

fossil representatives have been found in shallow-water deposits, which is in agree-

ment with the habitat of the Recent Albula vulpes. The exception is the Albula from

the Campanian of Alabama (Mooreville Chalk) which is reported to be a deep water

deposit (Applegate 1970). The evolution of the Albulidae probably began in Albian

or Lower Cenomanian times since Lebonichthys lewisi (Middle Cenomanian) already

shows an albulid tail and well-developed hemispherical teeth within the mouth.

The Pterothrissidae are poorly represented in the fossil record, the only well known
fish being Istieus from the Campanian of Germany. It is possible that Hajulia

from the Middle Cenomanian of Lebanon is also a pterothrissid (see p. 152). In

part this lack of a fossil record may be a consequence of the deep-water habit, which

was probably adopted early in their history.
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(e) Possible albuloid derivatives

A suggestion that the Notacanthiformes were derived from early Elopiformes was
put forward by Greenwood et al. (1966 : 355). This suggestion was based upon the

common possession of a leptocephalus larva and the presence of a bone-enclosed

ethmoid commissure. Those authors further suggested that the halosaurid ethmoid

commissure agreed with that of albulid fishes, stressing the presence in both of an

enlarged canal system in this region. The development of such a canal system is

dealt with in the general discussion of the elopomorph snout (p. 190). All that need

be said here is that the development of the albuloid-notacanth snout canal system

is unique, peculiar, and provides good evidence of a common origin.

Aside from the canal system there are two other specializations shared by albuloids

and notacanths : the snout is slightly elongate and fragile, and the small mouth is

inferior ; the maxilla has a slender inturned head and, with the premaxilla, is capable

of lateral movement but very little vertical movement.
Beyond this, the notacanths are very specialized in comparison with the albuloids.

Some of the specializations of notacanths are probably correlated with their deep-sea

habitat. Thus the cranial bones are exceedingly thin and several are lost (auto-

palatine, dermosphenotic, epiotic, basisphenoid, orbitosphenoid, supraorbital,

lateral ethmoid, pterosphenoid and, in the Notacanthidae, the interhyal). Other

elements are reduced (interhyal, vomer).

The trend towards an anguilliform body has resulted in a very reduced caudal

skeleton and a freeing of the pectoral girdle (at least in Notacanthidae) from the

cranium. These and other specializations are dealt with at length by McDowell (in

press). All that is intended here is to convey an idea of the extreme divergence of

the notacanthiforms.

Fossil notacanthiforms are rare (in part this may be a result of their deep-sea

habit) but halosaurs are known from the Campanian (Echidnocephalus) and are

already so specialized that their halosaurid affinities are undoubted. Thus the origin

of the group must have been some time previously, and the features shared with the

Albulidae and the Pterothrissidae suggest that a Cenomanian age would be a

reasonable estimate. The pterothrissids seem the best candidates for the ancestors

of the notacanths since this group retains maxillary teeth (found in halosaurs) and
the palatal dentition is not particularly specialized. The albulid dentition on the

other hand is already specialized by Cenomanian times.

Cenomanian pterothrissids are rare, being questionably represented by Hajulia.

This, together with the apparent absence in the fossil record of earlier, less specialized

yet identifiable notacanthiforms, obscures the origin of the ' Heteromi '. Neverthe-

less, a close association with the albuloids (in particular the Pterothrissidae) is strongly

suspected.

(f

)

Comments on the family Phyllodontidae

The Phyllodontidae Dartevelle & Casier (1943) have been referred to the suborder

Albuloidei by Estes (1969a) on the basis of similarity to Albula in the basibranchial

tooth plate (in particular, the basibranchial scars) and the occlusion pattern with the

parasphenoid.
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The Phyllodontidae are related amongst themselves and distinguished from the

Albulidae by having a phyllodont pattern of tooth replacement and in lacking ptery-

goid tooth plates (Estes 1969a : 328). Estes considers the absence of pterygoid

tooth plates to be the more important of these characters.

The Albian genus Casierius Estes (1969b) has been placed in the Albulidae even

though tooth replacement in this form is phyllodont. Estes (1969b) uses a similarity

in the contours of the basibranchial plate and the presence of associated pterygoid

tooth plates as justification for the inclusion of Casierius within the Albulidae.

It appears to the present author that Casierius, in showing a phyllodont dentition,

is clearly related to the Phyllodontidae. To dissociate it from the phyllodonts only

because it has pterygoid tooth plates (Estes 1969b) seems untenable. The poten-

tiality to replace teeth in phyllodont fashion, either from directly beneath (Phyllo-

dontinae) or in alternate fashion (Paralbulinae), would appear a trenchant difference

from the albulids.

The first albulid appears in the Lower Cenomanian while Casierius is found in

the Albian, and by this time it already had a wide geographical distribution in-

dicating an earlier origin. The phyllodont dentition is clearly more specialized

than the albulid type and, disregarding the time factor, a derivation of phyllodontids

from albulids would appear more logical than the converse.

If albulids were present in the Lower Cretaceous it would be expected that tooth

plates referable to this family should have been discovered, since these are as robust

as those of the phyllodontids. One is left with three possibilities regarding the

position of the phyllodontids : they were derived from the Osmeroididae separately

from the Albulidae and at an earlier time ; they stand ancestral to the Albulidae
;

or they evolved in parallel to the Albulidae.

It is difficult to comment on the possibility that the phyllodontids were derived

from the Osmeroididae. Certainly no known osmeroidid shows a phyllodont denti-

tion or any kind of replacement pattern comparable with the Phyllodontidae.

That the Phyllodontidae stand ancestral to the Albulidae is unlikely since the

phyllodont dentition is so advantageous in grinding food that to revert to a much
simpler type of dentition yet still retain a similar feeding method is unlikely.

A separate but parallel evolution of the Albulidae and the Phyllodontidae appears

possible. Phyllodontids and Casierius are only known by tooth plates which cannot

be referred to any more completely known fish. Until phyllodontid material other

than tooth plates is known it is better to accept the classification within the phyllo-

dontids as being artificial. The fact that the tooth plates belong to a fish at about

the ' elopiform grade ' seems a reasonable supposition but the possibility of holostean

or halecostome affinities cannot be ruled out.

V. SUMMARY
Descriptions are given of the Recent and fossil Elopiformes represented in the

collections of the British Museum (Natural History). The basic systematic conclu-

sions are as follows :

1. The Elopiformes are a primitive group of teleostean fishes distinguished

from other teleostean orders by the combination of three primary characters : a
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leptocephalus larva, the development of rostral ossicles and the modification of the

outermost pectoral fin-ray to form a pectoral splint. The view expressed by Green-

wood et al. (1966) that the presence of a leptocephalus larva links the Elopiformes

with the Anguilliformes and Notacanthiformes is accepted here. Much work remains

to be done on anguilliform relationships, particularly with respect to their being

considered elopiform derivatives. Of these three orders the Elopiformes is the most

primitive and represents the basal group from which the other two were derived.

2. Elopiformes are represented in the fossil record and Recent fauna by between

fifteen and twenty genera. The fossil record extends back to the Upper Jurassic

where the earliest member is Anaethalion vidali, a species which shows certain body
proportions seen in the megalopid elopiforms.

The genus Anaethalion is held to be of considerable interest. In the present state

of knowledge only one species, A . vidali, may be referred to the Elopiformes since it

shows a pectoral splint, other species being unknown in this respect. The caudal

skeletons of some species show a distinct resemblance to Elops while others show
certain euteleostean characteristics. It may be of significance that the caudal

skeleton of Anaethalion vidali shows laminar bone, as in euteleostean fishes. In-

sufficient information concerning the anatomy of the various species referred to

Anaethalion renders a taxonomic revision premature. For this reason these species

are referred to as the ' Anaethalion generic complex '.

3. Within the Elopiformes the Elopidae is the most primitive family and is

represented by Davichthys gen. nov., Elops and probably some species of Anaethalion.

The elopids have remained virtually unchanged since the Upper Jurassic. The
only trends noted are reduction in the branching of the cephalic sensory canals,

loss of the ventro-lateral projections associated with the dermethmoid and loss of

fringing fulcra.

4. The Megalopidae, represented by Megalops, Tarpon, Promegalops, Protarpon

gen. nov., Elopoides, Sedenhorstia and possibly Pachythrissops, were an early deriva-

tive of the Elopidae. The chief trends characterizing this family are : the develop-

ment of a superior mouth ; an increase in size of the post-temporal fossae ; the

development of a unique type of otophysic connection ; reduction of parasphenoid

teeth ; and certain minor modifications in the postcranial skeleton.

5. The suborder Albuloidei is known from the Albian to Recent. The most
primitive albuloids are represented by the genus Osmeroides on which the new family

Osmeroididae is based. Osmeroides is a link between the Elopidae on the one hand
and the Albulidae and Pterothrissidae on the other. Within the genus Osmeroides

there is seen the initiation of morphological trends that were to become fully ex-

pressed in the Albulidae and Pterothrissidae. Osmeroides lewesiensis is the most
primitive species, showing an external morphology very much like that of the elopids.

The neurocranium, however, is albuloid in such features as small antero-medially

directed post-temporal fossae, sub-epiotic fossae, the absence of a prootic-intercalar

bridge, a small intercalar and a deep dilatator fossa. Osmeroides latifrons is a more
advanced species and exhibits a slightly elongated snout, opening out of the

cephalic sensory canals, specialization of the dentition within the mouth and a

short lower jaw with a strongly inflected ventral margin.
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6. The Albulidae and Pterothrissidae are similar to one another in many advanced
features such as : the pattern of sensory canals ; the inferior mouth in which the

immobile premaxilla is the major functional component of the upper jaw ; the

development of a hyopalatine series characterized by a hyomandibular-metaptery-

goid foramen, a flattened symplectic, a well-developed ectopterygoid process and a

double articulation of the palatine with the neurocranium ; certain specializations

of the dentition borne by the gill arches ; and loss of the seventh hypural and third

uroneural in the caudal skeleton. The shared specializations indicate a common
ancestry for the two families which is to be found within the Osmeroididae.

The Albulidae and the Pterothrissidae are divergently specialized in features

related to different diets. Both families may be traced back to Cenomanian times.

7. The Notacanthiformes show certain similarities in snout morphology with

the albuloids indicating that the albuloids may stand ancestral to that order. The
Recent albuloids (the only albuloids sufficiently well known in details of snout

morphology) are too specialized to be considered ancestral, but the possibility of some
Cretaceous albuloid ancestry of notacanthiforms is suspected, the early pterothrissids

being the most likely candidates.

8. Relationships of Elopiformes with basal groups of other cohorts are briefly

reviewed. It is suggested that there is no relationship within the Teleostei between

elopiforms and the Clupeomorpha or between the elopiforms and the Osteoglosso-

morpha. The possibility of a relationship between the elopiforms and any euteleo-

stean group is difficult to analyse because of the sparse information available on the

early evolution of the more primitive members of the Euteleostei. Attention is

drawn to a few minor features of caudal anatomy seen in both euteleosts and
elopiforms which may indicate the existence of a common teleostean ancestor.
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VIII. ABBREVIATIONS USED IN TEXT-FIGURES

ace anterior ceratohyal fm foramen magnum
ao antorbital foa foramen for orbital artery

ao.s.c antorbital sensory canal f.ptf foramen leading to

apal autopalatine post-temporal fossa

a.p.b anterior opening for periotic fr frontal

bulla fsp foramen for occipital nerve

a.ros anterior rostral ossicle fuv fused vertebral centrum

art articular gr.ah groove for afferent hyoidean

asp autosphenotic artery

atfc anterior opening of pars gr.V & VII groove for superficial

jugularis ophthalmic branches of

bh basihyal V& VII
boc basioccipital gr.so.s.c groove for supraorbital sensory

brr branchiostegal ray canal

bsp basisphenoid gu gular plate

cb ceratobranchial (numbered 1-5) h hypural (numbered 1-7)

cl cleithrum hb hypobranchial (numbered 1-3)

cor coracoid hm hyomandibular
CSC caudal scute ib infrapharyngobranchial

cy scale (numbered 1-3)

de dermethmoid ic intercalar

den dentary in interhyal

df dilatator fossa io infraorbital (numbered 1-5)

dhh dorsal hypohyal iop interoperculum

d.l dorsal (epiotic) limb of io.s.c infraorbital sensory canal

post-temporal l.e lateral ethmoid
dpal dermopalatine 1.1 lateral line

dsp dermosphenotic m.c Meckelian cartilage

eart endosteal articular m.cor mesocoracoid

eb i first epibranchial mes mesethmoid
e.com ethmoid commissure mpt metapterygoid

ecp ectopterygoid m.ros middle rostral ossicle

enp endopterygoid m.s.c mandibular sensory canal

ep epural (numbered 1-3) mx maxilla

epo epiotic myp posterior myodome
epo.pr epiotic process na nasal

exo exoccipital np notochordal pit

f.ah foramen for afferent hyoidean npu 1 neural arch associated with

artery first preural centrum
fahm facet for articulation with nsp pu neural spine associated with

hyomandibular preural centrum
fa.mx facet for articulation with (numbered 2-4)

maxilla nu 1 neural arch associated with
fa. pal facet for articulation with first ural centrum

palatine op operculum
fa.pmx facet for articulation with ors orbitosphenoid

premaxilla ot.s.c otic sensory canal

f.bv foramen for a blood vessel pa parietal

fep foramen for efferent pap parapophysis

pseudobranchial artery par parasphenoid
fhv foramen for head vein pee posterior ceratohyal

fica foramen for internal carotid pel postcleithrum (numbered 1-3)

artery ph parhypural
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pmx premaxilla soc

pop preoperculum sop

pop.s.c preopercular sensory canal so.s.c

p.p.b posterior opening of periotic stt

bulla stt.com

pr.l.e lateral ethmoid process of suf

autopalatine sy

pr.mes mesethmoid process of

autopalatine

Tpbb

pro prootic Tpbh
pro.ic prootic-intercalar bridge Tpce
p.ros posterior rostral ossicle Tpib4
psp pterosphenoid

ptf post-temporal fossa u

ptfc posterior opening of pars ud
jugularis un

pto pterotic vhh
ptt post-temporal v.l

pu preural centrum
(numbered 1-6) vo

qu quadrate I

r.d distal radial II

ros rostral ossicles III

r.p proximal radial

(numbered 1-4)

Vpal

sb i first suprapharyngobranchial VII hm
sea scapula

scaf scapular foramen VII m
scl supracleithrum
sef sub-epiotic fossa VII ot

ses sesamoid articular

smx supramaxilla (numbered 1-2) IX
so supraorbital X

supraoccipital

suboperculum
supraorbital sensory canal

supratemporal

supratemporal commissure
subtemporal fossa

symplectic

tooth plate on basibranchial

(numbered 1-4)

tooth plate on basihyal

tooth plate on ceratohyal

tooth plate on
infrapharyngobranchial 4

ural centrum (numbered 1-2)

urodermal
uroneural (numbered 1-7)

ventral hypohyal
ventral (intercalar) limb of

post-temporal

vomer
foramen for olfactory tract

foramen for optic tract

foramen for oculomotor
foramen for palatine ramus of

trigeminal

foramen for hyomandibular
trunk of facial

foramen for mandibular ramus
of facial

foramen for otic branch of

facial

foramen for glossopharyngeal

foramen for vagus
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